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1.0 INTRODUCTION 

A pumping test and groundwater modeling were conducted for Area E, the Building 11 

Tank Excavation Area, located on property leased to the New Jersey Air National Guard's 177th 

Fighter Wing by the Federal Aviation Administration (FAA) at the William J. Hughes Technical 

Center (Technical Center). The location of Area E on the Technical Center property is presented 

on Figure 1. Area E-specific site features are shown on Figure 2. The objective of the pumping 

test and modeling effort for Area E is to assist with the design of a remediation system to capture 

contaminants in the Shallow Aquifer. 

Area E was the site of a former heating plant and several wooden Atlantic City Naval Air 

Station (ACNAS) structures, presumed to be barracks. A 20,000-gallon underground storage 

tank (UST) that stored No. 6 fuel oil for heating operations was removed in 1985, and some fuel 

was found to have leaked from the tank, impacting subsurface soils and groundwater. The 

barracks were removed about the same time as the heating plant. Remedial investigations at Area 

E determined that soils and groundwater are impacted with volatile organic compounds (VOCs), 

semi-volatile organic compounds (SVOCs), pesticides, and/or metals. 

A pumping test was performed in April, 2010. Installation of the observation wells for the 

test was completed in early April, and background monitoring began April 13. A step-drawdown 

test was conducted April 14, and a 72-hour sustainable rate test was performed April 16 - 19, 

followed by a 24 hour period of water level recovery monitoring. Analysis of the pumping test 

data was performed late April and early May, 2010. The groundwater modeling was completed 

in May. This report summarizes the design, preparation, and field activities for the pumping test, 

the results of analysis of the pumping test data, and the modeling and the conclusions of the 

modeling pertaining to the well field design for capture of the contaminants. 

1.1 Area E Background Information 

Groundwater contamination in Area E consists of VOCs, SVOCs, pesticides, and metals. 

Free product occurs in monitoring well E-MW3S. Details of the locations and concentrations of 

the contaminants are described elsewhere (TRC, 2003; TRC, 2010b). The general spatial 

distribution of Area E groundwater contamination is shown on Figure 3. 

The groundwater contamination in Area E is restricted to the Shallow Aquifer. The 

Shallow Aquifer is unconfined. Recent water level data (September through December 2009; 

Table 1) indicate the water table occurs at depths ranging from approximately 11 feet below 
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ground surface (ft bgs) (E-MW6S) to 19.5 ft bgs (E-MW9S). Historic data (1987 - 1989; Table 

2) indicate water level variations of 5 to 6 feet. The vertical extent of contamination is restricted 

to the upper part of the Shallow Aquifer, where the shallow monitoring wells are screened (TRC, 

2010b). The potentiometry for December 2009 is shown on Figure 4. Groundwater flows from 

northwest to southeast across Area E. 

A total of 10 monitoring wells are present at Area E (Figure 3, Table 3). Nine of these 

monitoring wells are installed across the water table at screen depths ranging from 10 to 34 ft 

bgs. Monitoring well E-MW7D is screened at depths of 50 to 55 ft bgs. Three observation wells 

(Figure 3) were installed in the same depth interval as monitoring well E-MW2S (Table 3) for 

recording water levels during the pumping test. Monitoring wells E-MW1S, E-MW2S, E-

MW3S, E-MW4S, and E-MW5S were installed in the 1980s. Monitoring wells E-MW6S, E-

MW7S, E-MW7D, E-MW8S, and E-MW9S were installed October, 2009. Appendix A contains 

Area E well construction logs and descriptions of lithology. 
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2.0 CONCEPTUAL MODEL 

2.1 Technical Center Geology 

The sedimentary strata underlying the Technical Center include Quaternary deposits and 

the Upper Cohansey Sand, The Quaternary deposits are Recent sediments consisting of sand, 

gravel, and clay ranging in thickness from 30 to 50 feet in the vicinity of the Atlantic City 

Municipal Utilities Authority (ACMUA) well field (Weston, 1984). Sand and gravel are the 

dominant sediments. Clay beds as thick as 10 feet were encountered during the drilling for the 

Weston study, but the clay is laterally discontinuous. 

The Cohansey Sand, underlying the Quaternary deposits^ is part of an Atlantic Coastal 

Plain, seaward-dipping wedge of unconsolidated sediments that range in age from Cretaceous to 

Holocene (Rooney, 1971). These sediments were deposited in beach and shelf environments. 

Interbedded fine-grained sediments are transgressive marine deposits that formed during major 

incursions of the sea. 

The Tertiary-aged Cohansey Sand is generally a deltaic deposit, but it contains sediments 

from nearshore marine, fluvial, estuarine, lagoonal, and beach environments (Rhodehamel, 

1973). The Cohansey Sand is composed of fine to coarse quartz sand, lenses of clay, and lenses 

of gravel (Hardt and Hilton, 1969). Grain size varies both vertically and laterally, which is 

consistent with deposition within a coastal environment. 

The Cohansey Sand is locally subdivided into an Intermediate Cohansey Aquifer 

(Intermediate Aquifer) and a Deep Cohansey Aquifer (Deep Aquifer). The Middle Cohansey 

Clay, 35 to 40 feet thick and separating the two aquifers, occurs throughout the subsurface 

beneath the Technical Center and surrounding area (TRC, 1989). 

The Upper Cohansey Clay locally separates the Cohansey Sand from the shallow 

Quaternary deposits (Shallow Aquifer) in the vicinity of the ACMUA well field and Area 20A 

The Upper Cohansey Clay pinches out between the Upper Atlantic City Reservoir and Area E. 

The Upper Cohansey Clay is also absent in the vicinity of the Area B injection wells. On the 

western half of the site, therefore, the Shallow and Intermediate Aquifers are contiguous. Lenses 

of silt and clay occur within the Shallow Aquifer. 
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2.2 Area E Geology 
The Quaternary deposits in the vicinity of Area E consist primarily of fine to medium 

sand and fine to coarse sand. Silt and clay are minor components in a generally un-stratified 

sequence. There is no basis for subdividing the unit. 

Given the absence of the Upper Cohansey Clay in Area E, the contact between the 

Quaternary deposits and the underlying Cohansey Sand is assumed to be transitional, as seen in 

the vicinity of the Area B injection wells. The occurrence of gravel at 54 feet in the borehole for 

E-MW7D is assumed to be within the Intermediate Aquifer. Furthermore, assuming the reddish-

brown sand at the 50-foot depth that was described in this borehole (Appendix A) represents 

oxidation associated with sub-aerial exposure, the top of the Cohansey Sand is assigned this 

depth. On this basis and the depths to groundwater in E-MW7S ranging from 14 to 16 feet (Table 

1), the Shallow Aquifer is assumed to have a saturated thickness of approximately 35 feet for the 

pumping test analyses and groundwater modeling. 

2.3 Hydrology and Hvdrogeology 

The 30-year (1971-2000) average annual precipitation at the Atlantic City International 

Airport is 40.59 inches (http://climatejutgers.edu/stateclim vl/norms/dailV/atIanticcitvap,html). 

Model calibration for a groundwater classification exception area (CEA) delineation performed 

by TRC at the Technical Center (the Area 29 CEA delineation) indicated that groundwater is 

recharged at a rate of 21.6 percent of the average annual precipitation rate (TRC, 2009). This 

recharge rate was applied for calibration of the site-wide (Technical Center) comprehensive 

groundwater model used in the CEA delineation for Area B injection, Area 41 injection, and the 

recharge bed (TRC, 2010a). 
The Shallow Aquifer is unconfined. The Intermediate Aquifer is confined in the vicinity 

of the Upper Atlantic City Reservoir and Area 20A, Where shallow groundwater levels and flow 

are controlled by surface water. The Intermediate Aquifer is unconfined west of the Upper 

Atlantic City Reservoir. Aquifer testing data (TRC, 2010a) indicate the hydraulic conductivity of 

the Intermediate Aquifer is much higher than the Shallow Aquifer. Partly due to this difference 

in hydraulic conductivity, the potentiometry of the Intermediate Aquifer is distinct from the 

Shallow Aquifer, even in areas where the Intermediate Aquifer is unconfined. 

The Deep Aquifer is confined. The ACMUA wells are completed in the Deep Aquifer. 

Results of analyses of pumping test data for the ACMUA Well field indicated that the Middle 
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Cohansey Clay is a leaky aquitard (Weston, 1984). Vertical gradients are currently downward 

from the shallow unconfined groundwater into the Deep Aquifer. Pumping-induced head losses 

in the Deep Aquifer propagate through the Middle Cohansey Clay, influencing groundwater flow 

in the Intermediate Aquifer. 
Discharge of groundwater to the South Branch Abseeon Creek (SBAC) is a significant 

influence on the northwest to southeast direction of groundwater flow in the Shallow Aquifer at 

Area E. Short term, seasonal, and longer term water level variations in this water table aquifer 

are a direct result of the amount and frequency of precipitation. 

Slug tests performed in the 1980s in monitoring wells E-MW1S and E-MW2S indicated 

hydraulic conductivity values of 1.7 x 10~3 centimeter per second (cm/sec) and 1.2 x 10"3 cm/sec 

for the upper part of the Shallow Aquifer in Area E (TRC, 1989). Without a basis for vertical 

subdivision of the Quaternary sediments in Area E, the hydraulic conductivity is assumed to be 

similar throughout the vertical extent of the Shallow Aquifer. Furthermore, logs of boreholes 

throughout Area E (Appendix A) provide no strong basis for significant and large scale lateral 

variations in hydraulic conductivity. 
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3.0 PUMPING TEST 

3.1 Design 

3.1.1 Selection of Monitoring Well for Pumping Test 

Prior to the selection of monitoring well E-MW2S for use as the pumping well during the 

Area E pumping test, two monitoring wells were considered for this purpose* E-MW2S and E-

MW8S. On March 25, 2010, TRC personnel performed a preliminary, small-scale step-

drawdown test on these two monitoring wells. The purpose of the preliminary step-drawdown 

test was to determine which of these two wells could produce the highest sustainable yield and 

therefore be the optimal well to use during the full-scale pumping tests. To this end, monitoring 

well E-MW2S was pumped using a Grundfos Redi-Flo2 submersible pump at rates of 1.1 gallons 

per minute (gpm), 2.1 gpm, 3.3 gpm, and 5.7 gpm. The duration of pumping for each pumping 

rate was 10 minutes, 5 minutes, 10 minutes, and 10 minutes, respectively. Water levels (depth-

to-water from top-of-casing) were measured in both monitoring wells using an electronic water 

level indicator (EWLJ). For monitoring well E-MW2S, the water levels for each of the pumping 

rates described above stabilized within 30 seconds for the first three pumping rates, and 

stabilized after three minutes when pumped at 5.7 gpm. Monitoring well E-MW8S was also 

evaluated by pumping with a Grundfos Redi-Flo2 submersible pump. E-MW8S was pumped at 

rates of 1.2 gpm, 2 gpm, 4 gpm, 5.7 gpm* and 8.3 gpm. The duration of each pumping rate was 

10 minutes, 15 seconds, 10 minutes, 2,5 minutes, and 10 minutes, respectively. For monitoring 

well E-MW8S, the water levels stabilized for each of the first four pumping rates at times of 45 

seconds, 15 seconds, 45 seconds, and 45 seconds. The water level did not stabilize in E-MW8S 

for the 8.3 gpm rate. 

Based on the roughly similar results observed during the preliminary step-drawdown 

tests, and to a lesser extent, because of logistical considerations related to an on-going 

construction project in the vicinity of monitoring well E-MW8S, monitoring well E-MW2S was 

chosen as the full-scale pumping test well. 

Analytical solutions are utilized to determine aquifer properties from pumping test data. 

These solutions rely upon simplifying assumptions that include a horizontal potentiometric 

surface prior to pumping. A hydraulic gradient through the test area produces a non-concentric 

cone of depression, in which drawdown at a given distance upgradient is unequal to drawdown 

downgradient. In order to obtain the best estimates of aquifer properties based upon theoretical 
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drawdown in the analytical solutions, the planned locations of the observation wells were cross-

gradient of the pumping well. Analysis of aquifer properties was planned only for data from 

these observation wells and the pumping well. 

Another consideration in pumping test design is the effect of partial penetration of the 

pumping well. Flow toward a partially penetrating well will have vertical flow components, 

affecting the potential field caused by drawdown. Many of the analytical solutions for pumping 

test data do not account for the effects of partial penetration. The solutions that include partial 

penetration effects incorporate the ahisotropy in hydraulic conductivity, i.e., the ratio of 

vertical/horizontal hydraulic conductivity (Kv/Kh), adding complexity to the solution and 

potentially non-uniqueness and uncertainty to the result. The test design included locating two of 

the observation wells at sufficient distances to minimize partial penetration effects. Also, the 

distances of the near and far observation wells were planned to utilize the different storage 

responses of a water table aquifer as a function of pumping time and distance from the pumping 

well in the analysis of the drawdown data (Fetter, 1994). 

Planning included performing Theiis drawdown calculations prior to installing the 

observation wells to evaluate the potential drawdown as a function of the pumping fate, time, 

distance from the pumping well, hydraulic conductivity, anisotropy, saturated thickness, and 

aquifer storage. Ranges of parameter values were used in these calculations based upon existing 

data on the nature of the Shallow Aquifer in Area E. The results of these calculations provided an 

indication of the potential sustainable pumping rate for the testing and support for the choice of 

observation well distances from the pumping well. 

3.2 Preparations 

3.2.1 Observation Well Installation 

Three observation wells were installed in the vicinity of E-MW2S on April 1, 2010 to 

generate additional data points for observing water level drawdown during the pumping test. E-

OW1S was installed approximately 4.3 feet to the west of monitoring well E-MW2S. E-OW2S 

was installed approximately 110 feet cross-gradient and to the west-southwest of E-MW2S. E-

OW3S was installed approximately 110 feet cross-gradient and to the east-northeast of E-

MW2S. The groundwater contours used to determine the cross-gradient orientation were 

generated from water levels obtained from the Area E monitoring wells on December 11, 2009. 

Figure 3 shows the locations of the pumping well, the three observation wells installed for the 
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aquifer testing, and the other wells that were monitored for radius of influence and background 

water levels. The observation wells were installed using hollow stem auger drilling techniques 

by East Coast Drilling, Inc., working under the supervision and direction of a TRC geologist. 

Soil sampling and stratigraphic logging were not part of the scope of work during the 

observation well installations. However, based on visual observation of the drill cuttings by the 

field geologist, the aquifer materials that the observation wells were screened to (silty sands) 

appeared similar to aquifer materials observed during the Pre-Design Activities and Sampling of 

September - November 2009 (TRC, 2010b). The observation wells were installed so that the 

screened interval elevations matched as closely as possible to the screened interval elevation of 

monitoring well E-MW2S (approximate elevations of 27.5 feet to 47.5 feet, North American 

Vertical Datum 1988 (NAVD88)). The observation wells were constructed of 20-foot long, 2-

ineh diameter polyvinyl-chloride (PVC), 0.010-inch slot screen and 2-inch diameter PVC riser 

pipe. Filter pack sand consisted of #0-sized silica sand extending from the bottom of the well 

screen to two feet above the well screen, with a #00-sized "choke" sand to two feet above the top 

of the #0-sized sand, and bentonite cement grout from the top of the "choke" sand to the ground 

surface. The observation wells were completed at the ground surface with locking stick-up steel 

protectors. 

Following installation, the observation wells were developed to remove silt from the filter 

pack and to facilitate proper communication between the Shallow Aquifer and the well screen. 

Observation well E-OW1S was developed using a Grundfos Redi-Flo2 submersible pump that 

was lowered into the saturated portion of the well screen and used to surge and pump the well 

screen simultaneously. Due to very high silt content, Observation wells E-OW2S and E-OW3S 

were developed using a Waterra Hydralift pump initially* then later by using the Redi-Flo2 once 
the silt content diminished. 

3.2.2 Pressure Transducer Setup 

Eight In-Situ, Inc. Level Troll® Model 700 vented data-logging pressure transducers 

were deployed by TRC personnel into five monitoring wells and three observation wells at Area 

E prior to initiation of the pumping tests. The wells in which the transducers were installed were 

monitoring wells E-MW1S, E-MW2S, E-MW5S, E-MW6S, and E-MW8S and observation wells 

E-OW1S, E-OW2S, and E-OW3S. Following deployment, the transducers were programmed 

using a RuggedReader® handheld computer to calculate water levels from the water pressures 
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measured by the transducers. Initial water levels used in the transducer water level calculations 

were measured from each well's top of casing using an EWLI to the nearest 0.01 foot. All 

pressure transducers began measurements on April 13, 2010 and were turned off on April 20, 

2010. Furthermore, the pumping well and the three observation wells were linked by an In-Sifu, 

Inc. Virtual Hermit® hub which permitted real-time display of water level data on a laptop 

computer linked to the hub during the different phases of the pumping test (e.g. background 

measurement period, step-drawdown test, etc.). 

3.2.3 Pumping Well. Transfer Tank, and Fractionalization Tank Setup 

A Grundfos Redi-Flo3 submersible pump was deployed into monitoring well E-MW2S 

and was used for the duration of the pumping test. A second Redi-Flo3 was procured and set-up 

with tubing and safety cord at the ground surface for rapid deployment if the first pump failed. 

The second Red-Flo3 pump was not needed. The down-well pump was deployed so that the 

center of the pump intake was three feet above the bottom of the well, approximately 30.75 feet 

from the top of the well casing. The pump and associated piping were plumbed by TRC 

personnel. All piping was either %-inch diameter polyethylene or %-inch diameter steel. A 

globe valve was fitted to the piping at the wellhead for discharge control. Downstream from the 

globe valve, a SeaMetrics MJT analogue pulse meter flow totalizer was installed that was 

plumbed in accordance with the manufacturer's recommendations with regards to the upstream 

and downstream distances to fittings. Downstream of the totalizer, a splitter was installed to 

allow for manual measurements (bucket tests) to check instantaneous flow rates. The other side 

of the splitter ran to a 600-gallon transfer tank. Lay-flat hose attached to a transfer pump placed 

in the bottom of the transfer tank then piped the water into one of two 21,000-gallon 

fractionalization tanks. The Redi-Flo3 pump, transfer tank pump, laptop computer for 

monitoring real-time water level data from the pressure transducers, and lighting units for night 

work were powered by 3000-watt gas-powered generators. Three generators were utilized on-

site; two ran at all times and the third was held in reserve in case one of the two operating 

generators malfunctioned. 
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3.3 Test Performance and Observations 

3.3.1 Background Water Level Measurements 

Upon arrival at the site on April 13, 2010, TRC personnel began manual water level 

measurements using an EWLI in all of the Area E monitoring wells except for E-MW3S, and in 

all three observation wells (E-MW1S, E-MW2S, E-MW4S, E-MW5S, E-MW6S, E-MW7S, E-

MW7D, E-MW8S, E-MW9S, E-OW1S, E-OW2S, and E-OW3S). No water levels were 

measured in monitoring well E-MW3S because of the presence of a layer of #6 fuel oil which 

floats on top of and within the well's water column. Following deployment of the pressure 

transducers as described in Section 3.2.2, water level measurements were also obtained on an 

automated basis from monitoring wells E-MW1S, E-MW2S, E-MW5S, E-MW6S, and E-

MW8S, and from observation wells E-OW1S, E-OW2S, and E-OW3S. During the background 

water level measurement period, the pressure transducers recorded a water level measurement 

once every second in the "hubbed" wells (E-MW2S, E-OW1S, E-OW2S, and B-OW3S), and 

once every 15 minutes from the other transducer-equipped wells. Background water level 

measurements continued until the start of the step-drawdown test on April 14. 

Precipitation data was also recorded for the period of the background water level 

measurements. Precipitation data came from the National Weather Service weather station at the 

Atlantic City International Airport, and was obtained from the internet at 

http^/wWw.weather.gov/climate/index.php?wfo=phi. For the period of background water level 

measurements, (April 13 to April 14) 0.07 inches of precipitation were recorded at the weather 

station, with all of the precipitation occurring on April 13. 

During the background water level measurement period, water levels in monitoring wells 

E-MW1S, E-MW2S, and E-MW6S fell after the beginning of water level measurements, with a 

slight rebound towards the end of the background monitoring period. The water levels in 

monitoring wells E-MW4S, E-MW7S, E-MW7D, E-MW8S, and E-MW9S and in observation 

wells E-OW1S, E-OW2S, and E-OW3S increased during the beginning of the background 

monitoring period, fell during the middle, then rebounded slightly at the end of the background 

monitoring period. The magnitude of the differences in water levels observed in all of the 

monitoring wells and observation wells during the background monitoring period was on the 

order of hundredths (0.01) of feet. One exception to note is for monitoring well E-MW5S; this 

well was pumped by TRC personnel upon arrival at the site on April 13 at a rate of 2 gpm in 
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order to evacuate 3 well volumes and obtain a groundwater sample for the Area E Treatability 

Study. Approximately 86 gallons were pumped from E-MW5S during the late morning of April 

13. Because of the pumping of E-MW5S, the water level in this well dropped by approximately 

1.5 feet initially on April 13, then rebounded by approximately 0.75 feet between sample 

collection and just prior to the start of the Step-Drawdown test. 

3.3.2 Step-Drawdown Test 

The step-drawdown test was performed on April 14, 2010. The purpose of the step-

drawdown test was to stress the aquifer at different pumping rates to determine the optimal 

pumping rate to use during the 72-hour sustainable rate test that would result in the calculation of 

aquifer parameters at Area E. 

E-MW2S was pumped at rates of 4 gpm, 10 gpm, 7 gpm, and finally 8.5 gpm (in that 

order) during the step-drawdown test. The rates were checked at the wellhead using a calibrated 

5-gallon bucket and by measuring the amount of time it took for the bucket to be filled to the 5-

gallon mark. The amounts of time that the well was pumped at the aforementioned rates were 

approximately 28 minutes, 141 minutes, 60 minutes, and 75 minutes, respectively. With the 

exception of the 10 gpm rate, the water level achieved stability at each of the pumping rates. 

Based on data from the Atlantic City International Airport National Weather Service 

weather station, there was no precipitation during the step-drawdown test. 

During the step-drawdown test, the pressure transducers were programmed to record a 

water level every 0.5 second in the "hubbed" wells and every second in the "outer" wells (E-

MW1S, E-MW5S, E-MW6S, and E-MW8S). 

During the 4 gpm step, the water level in E-MW2S fell initially, and then stabilized. The 

overall change in water levels observed in E-MW2S during this initial step was 1.47 feet The 

water level in E-OW1S fell initially, and then stabilized. The overall change in water levels 

observed in E-OW1S was 0.68 feet. The water level in E-OW2S changed only slightly during 

the 4 gpm step, with an overall difference of 0.03 feet Similarly, the water level in E-OW3S had 

an overall change of 0.04 feet. 

During the 10 gpm step, the water level in E-MW2S fell by approximately 7 feet, then 

nearly reached stabilization, but then became erratic. Based on the erratic water levels observed 

in E-MW2S toward the end of the 10 gpm step period, stability was not reached. The overall 

change in water levels observed in E-MW2S during this second step was 12.35 feet. The water 
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level in E-OW1S fell slightly toward the beginning of the 10 gpm step, and then decreased in 

small increments with time. The overall change in water level observed in E-OW1S was 1.27 

feet. The water level in E-OW2S changed by 0.06 feet and by 0.04 feet in E-OW3S during the 

10 gpm step. 

During the 7 gpm step, the water level in E-MW2S rebounded rapidly by approximately 

9 feet, then decreased by about 1.5 feet, then rebounded slightly and achieved stability. The 

overall change in water levels observed in E-MW2S during the 7 gpm step was 9.19 feet. The 

water level in E-OW1S rebounded slightly then stabilized, with an overall change of 0.24 feet. 

The water levels in E-OW2S and E-OW3S changed only slightly during the 7 gpm step, with 

overall changes of 0,06 feet and 0.04 feet, respectively. 

During the 8.5 gpm step, the water level in E-MW2S initially dropped by approximately 

3 feet, and then stabilized briefly before dropping another foot. The water level in E-MW2S 

stabilized for the approximate second half of the 8.5 gpm step period. The overall change in 

water levels observed in E-MW2S during the 8.5 gpm step was 3.70 feet. The water level in E-

OW1S decreased slightly, then stabilized. The overall change in water levels observed in E-

OW1S was 0.23 feet. The water levels in E-OW2S and E-OW3S changed only slightly during 

the 8.5 gpm step, with overall changes of 0.03 feet and 0.01 feet, respectively. 

For the "outer" wells that were transducer-equipped, changes in water levels ranged from 

0.01 feet (E-MW6S) to 0.22 feet (E-MW8S) throughout the duration of the step-drawdown test. 

3.3.3 72-Hour Sustainable Rate Test 

Based on the results of the step-drawdown test, during which monitoring well E-MW2S 

exhibited relative stability at a pumping rate of 8.5 gpm, it was determined that a rate of 8.5 gpm 

would be used during the 72-hour sustainable rate test. Following monitored recovery of the 

pumping well after the step-drawdown test, a determination was made to start the 72-hour 

sustainable rate test on April 16, instead of the day immediately following the step-drawdown 

test. This was because of residual drawdown observed in E-MW2S on April 15 of 

approximately 0.4 feet. 

No precipitation was recorded at the Atlantic City International Airport National Weather 

Service weather station on April 15. 
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Prior to starting the 72-hour sustainable rate test, the transducers in the "hubbed" wells 

were programmed to collect water levels on a logarithmic scale, while the transducers in the 

"outer" wells were programmed to collect a water level once every minute. 

The 72-hour sustainable rate test was started at 10:32 A.M. on April 16, and continued 

uninterrupted until 11:11 A.M. on April 19. Based on data obtained from the Atlantic City 

International Airport National Weather Service weather station, 0.02 inches of precipitation was 

recorded on April 16 from midnight to 12 noon, and 0.12 inches of precipitation was recorded on 

April 16 from 12 noon to 11:59 P.M. No precipitation was recorded from April 17 through the 

end of the 72-hour sustainable rate test on April 19. The total precipitation for the duration of 

the 72-hour sustainable rate test was 0.14 inches. 

As described above, the 72-hour sustainable rate test was started with a discharge rate of 

8.5 gpm- A tolerance of plus or minus 10% of the overall discharge rate was utilized during the 

test. The flow was confirmed using both the inline totalizer and the manual method (bucket test). 

However, due to water level instability and because die water level was drawing down very close 

to the transducer in E-MW2S, the discharge was reduced to 8 gpm at approximately 9:00 PJM. 

on April 16. Unstable water levels caused another reduction in discharge rate, this time to 7.5 

gpm, at approximately 1:30 P.M. on April 17. 7.5 gpm was used as the target discharge rate 

from 1:30 P.M., April 17 to the conclusion of the test on April 19. 

Initially during the 72-hour sustainable rate test, the water level in E-MW2S fell from 

14.58 feet to 26.84 feet after approximately five hours of pumping. The water level then 

fluctuated, ranging from approximately 24 feet to 28 feet for the duration of the test. From the 

start of the 72-hour sustainable rate test to approximately Hour 11, the water level in E-OW1S 

fell from 17.32 feet to 19.36 feet. Except for some minor fluctuations early in the pumping test, 

the water level in E-OW1S continued to fall in small increments until the end of the test on April 

19. The lowest water level observed in E-OW1S was 19.77 feet, measured at 7:13 A.M. on April 

19. During the course of the 72-hour sustainable rate test, the water level in E-OW2S fluctuated 

between 17.48 feet to 17.93 feet, with a general decreasing trend. With the exception of a brief 

rebound in the water level at the onset of the 72-hour sustainable rate test of approximately 0.05 

feet, the water level in E-OW3S steadily fell, ranging from 17.12 feet to 17.45 feet. 

Water levels in the "outer" wells equipped with transducers exhibited similar results to 

the two observation wells farthest from the pumping well (E-OW2S and E-OW3S). In E-
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MW1S, the water level fluctuated during the 72-hour sustainable rate test, with a general 

decreasing trend. The water level ranged from 14.17 feet to 14.47 feet. In E-MW5S, the water 

level fluctuated, also with a decreasing trend. The water level ranged from 17.19 feet to 17.56 

feet. In E-MW6S, the water level exhibited a decreasing trend throughout the duration of the 72-

hour sustainable rate test, ranging from 11.44 feet to 11.68 feet. The water level in E-MW8S 

fluctuated, with a decreasing trend. The water level ranged from 19.02 feet to 19.39 feet 

3.3.4 Recovery Observations 

Following cessation of the 72-hour sustainable rate test (i.e., shutdown of the pump in E-

MW2S), water level readings continued to be collected both manually and with the pressure 

transducers in order to monitor recovery of the aquifer. Prior to the start of the recovery period, 

the transducers in the "hubbed" wells were programmed to collect water levels on a logarithmic 

scale, while the transducers in the "outer" wells were programmed to collect a water level once 

every minute. 

The objective was to monitor the aquifer recovery until the water levels in all of the wells had 

rebounded to 90% of their static values just prior to the start of the 72-hour sustainable rate test. 

Based on data obtained from the Atlantic City International Airport National Weather 

Service weather station, no precipitation was recorded during the recovery monitoring period 

(April 19 and April 20). 

Within the group of "hubbed" wells, E-MW2S achieved 90% recovery at 11:14 A.M. on 

April 19. E-OW1S, E-OW2S and E-OW3S did not rebound to within 90% of the pre-72-hour 

sustainable rate test water level during the recovery monitoring period, which lasted from 11:11 

A.M. April 19 to 1.1:23 A.M. on April 20. None of the "outer" wells equipped with transducers 

(E-MW1S, E-MW5S, E-MW6S, and E-MW8S) rebounded to within 90% of their respective pre-

72-hour sustainable rate test water levels during the recovery monitoring period. 

3.4 Data Reduction 

Manipulation of data from the step-drawdown test was limited to calculating cumulative 

elapsed time for all the steps (rates) combined and plotting the elapsed time versus depth to water 

for analysis (Appendix B). The graphs were annotated with notes about times of rate changes. 

Data reduction for the 72-hour sustainable rate test included subtraction of the 

background water level changes recorded in E-MW6S from the drawdown data for each of the 
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observation wells (E-OW1S, E-OW2S, E-OW3S), including the pumping well (E-MW2S). 

Depth to water in E-MW6S versus time was plotted, and a least-squares trendline was fitted to 

the data (Appendix C). These data indicate a strongly linear decrease in aquifer water levels of 

about 0.33 feet during the pumping test and the period of recorded recovery. The equation of the 

trendline was used for calculating the change in water level per unit time for correction of the 

drawdown data during pumping and recovery. 

A record of water levels in E-MW6S prior to the step-drawdown test confirms that Water 

levels in the aquifer were decreasing naturally (Appendix C). These data indicate a very similar 

trend of background water level changes (i.e., the slope of the trendline is very similar), 

supporting the applied correction to the pumping drawdown and recovery data. Note that the 

depth to water of about 11.45 feet at the beginning of the 72-hour sustainable rate test is less than 

the depth to water of about 115 feet at the end of the period prior to the step-drawdown test. 

This inconsistency is artificial, due to a difference in the reference levels of the troll and, 

therefore, does not indicate water level recovery since the completion of the step-drawdown test. 

Appendix D has plots of depth to water versus time and background water level corrected 

drawdown versus time for each of the observation wells and the pumping well. These plots 

include the instantaneous rates of extraction from E-MW2S as measured by bucket tests. Elapsed 

time since pumping began was calculated for the pumping and recovery periods. 

The background water level correction was also applied to the depths to water in the 

other wells monitored for radius of influence (E-MW1S, E-MW5S, E-MW8S). Appendix E has 

plots of the corrected and uncorrected water levels for these wells. 

3.5 Data Analysis 

3.5.1 Step-Drawdown Test 

Analysis of the step-drawdown test data suggested a rate of 8.5 gpm would be sustainable 

for the 72-hour pumping test based on stable Water levels in the pumping well (E-MW2S) and 

the observation wells at the conclusion of step-testing with this rate (Appendix B). Using the 

drawdown observed in E-OW1S and E-OW2S, a calibration Of the step-test data was performed 

with the Theis drawdown algorithm assuming a saturated thickness of 35 feet, a specific yield of 

0.20, and Kv/Kh = 0.1 (Appendix F). This calibration suggests the aquifer has a hydraulic 

conducti vity of approximately 4 x 10"3 cm/sec. 
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3.5.2 72-Hour Sustainable Rate Test 

Inspection of the graphs of depth to water versus time for the observation wells and the 

other wells monitored for radius of influence revealed a cyclic pattern of interference 

(Appendices D and E), interpreted to be the effects of the intermittent usage of the nearby FAA 

potable wells completed in the Deep Aquifer. The effects on shallow water levels are temporary 

and reversible, which is attributed to the elastic response of the confined Deep Aquifer. 

However, the interference is so great relative to the corrected drawdown for E-OW2S and E-

OW3S that it renders the data unusable (low signal/noise) to analyze for aquifer parameters. 

Nevertheless, the corrected data indicate that pumping influences were recorded in these two 

observation wells. The effects of pumping and recovery are also evident in the corrected depths 

to water for E-MW1S. The graphs of corrected depths to water for E-MW5S and E-MW8S 

suggest the data from these wells are slightly overcorrected (not showing a trend in drawdown), 

but the corrected data also show a general trend of recovery after the pump was shut off, 

indicating there was a pumping influence at these wells. 

The pumping rate was evaluated with data from a flow totalizer and bucket tests. A 

pumping rate of 8.5 gpm was unsustainable during the 72-hour sustainable rate test. Drawdown 

approached the pump intake repeatedly, requiring downward adjustments to the flow rate (Figure 

5). Both types of rate data show that a sustainable rate was achieved after about 50 hours of 

pumping. However, the flow totalizer rate deviates with time increasingly and systematically 

from the bucket test rate. Given the initial correspondence between the two rates, the flow 

totalizer became increasingly erroneous with time. The bucket test rates were used for analysis of 

the aquifer test data. These test data indicate a fate of 7 gpm is sustainable. 

The software used to analyze the aquifer test data is AQTESOLV Pro Version 4.5 

(HydroSOLVE.Inc., 1996-2007). This tool is used to fit theoretical curves for analytical 

solutions to the drawdown and recovery data, providing estimates of the hydraulic conductivity, 

storage, and vertical to horizontal ratio of hydraulic conductivity (anisotropy). The time-variant 

pumping rate data were utilized in the analyses. 

Table 4 shows the results of analysis of pumping and recovery data from the pumping 

well (E-MW2S) and E-OW1S. Appendices G and H contain plots of the theoretical curves fitted 

to the data. The hydraulic conductivity values are consistent with the results of previous slug 

tests in monitoring wells E-MW1S and E-MW2S, which indicated hydraulic conductivity values 
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of 1.7 x 10~3 em/sec and 1.2 x 10 3 cm/sec, respectively. The value of hydraulic conductivity in 

bold type in Table 4, i.e., 4 x 10"3 cm/sec, is considered the best estimate based on use of the 

Neuman solution, which accounts for effects of partial penetration in an unconfined aquifer. This 

value is consistent with the value estimated from the step-drawdown test. 

The storage parameters are not well constrained (Table 4), possibly due to pumping rate 

variations, aquifer heterogeneity, local semi-confined behavior due to local stratification, and 

interference from the FAA potable wells. There is no delayed gravity drainage response visible 

in the data. These data, however, are not important for design modeling of the remediation 

system or for long-term operation of the system. 

The observation well data suggest there are lateral variations in hydraulic conductivity. 

The aquifer response in E-OW2S is approximately twice the response in E-OW3S (Appendix D), 

although each well is 110 feet from the pumping well. Furthermore, the observation data for E-

MW1S indicate a response to pumping. These data suggest the hydraulic conductivity may be 

lower toward E-OW3S. Figure 6 also suggests aquifer heterogeneity by the inability to match all 

three data sets with one solution. Distance-drawdown solutions are meaningless with these 

conditions. A complicating factor or alternate interpretation is based upon the Theis residual 

drawdown solution for the recovery data for the pumping well, which yields S/S' > 1 (Table 4), 

indicative of a recharge source or leakage. Without a clay aquitard beneath the Shallow Aquifer 

in this area, leakage from the Intermediate Aquifer is a possibility. The departure of the 

theoretical curve for recovery from the data at late time (Figure 7), i.e., more rapid recovery than 

expected, supports leakage. Apparently due to heterogeneity and local aquifer stratification, this 

effect was not recorded in E-OW1S (Figure 8), which did not recover completely by the end of 

the recording period. The interpretation of leakage suggests that high rates of pumping should be 

avoided to prevent coning Up water from the Intermediate Aquifer. 
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4.0 GROUNDWATER MODELING 

Groundwater modeling for Area E was conducted utilizing the site-wide (Technical 

Center) comprehensive, three-dimensional numerical groundwater flow model that was 

developed for delineating the groundwater CEA for Area B injection, Area 41 injection, and the 

recharge bed (TRC, 2010a). The referenced report provides a full description of the model, 

including the calibration. Minor modifications were made to the model for the Area E 

groundwater modeling. These modifications are described in the following section. 

4.1 Modifications of Technical Center Groundwater Flow Model 

The Technical Center Model domain was expanded to the west 1,400 feet (Figure 9). 

This modification provides sufficient distance between the simulated Area E extraction wells and 

the western model boundary to avoid potential undesirable boundary condition effects on the 

Area E simulations. Fourteen columns of uniform 100 feet by 100 feet cells (the original grid 

cell dimensions) were added to the finite-difference grid. The grid cell size was then locally 

reduced to 25 feet by 25 feet over Area E (Figure 10) to accommodate the close spacing of the 

monitoring wells and the simulated extraction wells for better resolution of simulated 

groundwater levels. 

Additional drain nodes, simulating discharge of groundwater to the SBAC, were added to 

the western extension of the model domain. Also, the drainage ditch west of Tilton Road was 

simulated with drain nodes. Figure 11 shows the surface water and Shallow Aquifer boundary 

conditions. Drain bottom elevations correspond to the approximate bed elevations along the 

SB AC and the ditch. The Shallow Aquifer constant head nodes and Deep Aquifer general head 

nodes on the western boundary were also moved to the new model boundary, and the heads were 

adjusted to reproduce the simulated heads of the original model. 

Model layers 1 and 2 represent the Shallow Aquifer in Area E. Extraction wells were 

simulated in Layer 1. Hie bottom of model layer 1 was set locally to an elevation of 25 feet amsl 

in Area E to correspond to the anticipated design depth of the bottom ends of the extraction well 

screens. The layer 2 bottom is 5 feet amsl, the same elevation as the original model. The average 

simulated saturated thickness of the Shallow Aquifer in Area E is about 37 feet. 

A uniform hydraulic conductivity value of 11 ft/day (3.9 x 10"3 cm/sec) and Kv/Kh of 0.2 

was assigned to the Shallow Aquifer in the vicinity of Area E (Layers 1 and 2). This value is 
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consistent with the results of analysis of the pumping and recovery data from observation well E-

OW1S (Table 4), 

All simulations were conducted as steady-state. The average pumping rates of the 

ACMUA production wells for the 3rd quarter of 2009 were simulated (TRC, 2010a). These rates 

are the most recent available rates for these wells. Injection into the Intermediate Aquifer at Area 

B was simulated at a total rate of 100 gpm. The total rate of injection into the Intermediate 

Aquifer at Area 41 was simulated at 40 gpm. Discharge to the Shallow Aquifer at the recharge 

bed was simulated at 250 gpm. These values represent typical operational rates. Any deviations 

of the actual rates from these simulated rates have little, if any, effect on Simulated water levels 

in Area E. 

The other remediation systems are simulated as they were for the CEA simulations, as 

documented in the CEA report (TRC, 2010a). Specifically, remediation system extraction wells 

for Area B and Area 20A, and the injection wells at Area 20A were simulated at the same rates 

used in the calibration of the Technical Center Model. The ten Area D extraction wells that have 

been operating were simulated at their respective design rates for the total design rate of 69 gpm. 

Because the six Area 41 extraction wells have been inconsistently operated at insignificant rates, 

for simplicity, each well was simulated at 1.67 gpm for a total of 10 gpm, which was the 

maximum average total monthly rate recorded during initial testing of these wells. 

4.2 Baseline Simulation 

Baseline simulation results represent the model reproduction of current groundwater 

levels in Area E. Figures 12A (water table) and 12B (model layer 3, E-MW7D completion depth) 

show the simulated water levels in Area E without remediation extraction. The values beside the 

monitoring wells represent the differences (errors) between measured water levels from 

November 2009 (Table 1) and simulated water levels. The November water levels are a complete 

set for Area E that is closest in time to 3rd Quarter 2009, for which ACMUA well rates are 

available and simulated in the model. 

The errors in simulated water levels are about 2 feet or less (both higher and lower than 

measured). Improvement of the model match to measured values with variable hydraulic 

conductivity was not an objective for engineering design modeling. Furthermore, the irregularity 

of the potentiometry is not understood. The lithologic data do not suggest significant spatial 

differences in hydraulic conductivity, and the differences in water levels between sets of 
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measurements (Table 1) are variable among the monitoring wells. It is noteworthy that the errors 

in simulated water levels are much less than the 5 to 6 feet of variation in historic water levels in 

Area E. 

4.3 Remediation Well Field Design 

The objective of the modeling effort for Area E is to assist with the design of a 

remediation system to capture the contaminants in the Shallow Aquifer. The mode] was used 

iteratively to determine the optimal number of extraction wells and pumping rates to provide 

complete capture of the contaminated groundwater. Particle tracking was performed with starting 

locations of the particles at the perimeter of the area of contamination shown on Figure 3. 

Particles were conservatively placed outside the perimeter on the down-gradient (south and 

southeast) side of the area of delineated contamination (Figure 13). 

The modeling indicates five wells, each pumping at 5 gpm, are sufficient for complete 

plume capture. The optimal locations Of the extraction wells are shown on Figure 14. The design 

locations of the extraction wells take into consideration existing and planned infrastructure. 

Figure 15 shows the pumping cones of depression for the five well, 5 gpm design well 

field. Figure 16 shows the particle tracks demonstrating capture. The design rates of 5 gpm are 

based upon the drawdown that is required to capture the contaminants. The rates are less than the 

single well sustainable rate of approximately 7 gpm that was determined from the pumping test. 

4.4 Sensitivity Simulations 

Simulated capture was evaluated under potential conditions of higher and lower hydraulic 

conductivity than the model value used for the well field design. These scenarios use a uniform 

hydraulic conductivity to address the potential for local (extraction well location) differences in 

hydraulic conductivity, different from the pumping test result. Capture was also evaluated for 

higher and lower recharge rates than used for the baseline and design simulations. 

Figure 17 shows the loss of capture with half an order-of-magnitude (5X) greater 

hydraulic conductivity with the wells pumping at 5 gpm. Under these conditions, 12 gpm may be 

required locally for capture (Figure 18). Under conditions of half an order-of-magnitude lower 

hydraulic conductivity, wells would pump at a lower rate, but capture can be achieved at 2 gpm 

(Figure 19), but potentially not at a lower rate (Figure 20). 

Area E Pumping Test and Remedial Design 
Groundwater Modeling Report 4-3 

FAA William J Hughes Technical Cents' 
July 2010 



A three-fold increase in the recharge rate could locally result in some loss of capture 

(Figure 21), suggesting periods of high water levels could require an increase in pumping rates. 

Figure 22 shows no loss Of capture for a three-fold lower rate of infiltration. If drawdown 

increases due to water levels decreasing, the pumping rates may need to be decreased. 

Area E Pumping Test and Remedial Design FAA William J. Hughes Technical Center 
Groundwater Modeling Report 4-4 July 2010 



5.0 CONCLUSIONS AND RECOMMENDATIONS 

The results of analysis of the pumping test data indicate a best estimate of the hydraulic 

conductivity as 4 X 10~3 em/sec and an anisotropy ratio (Kv/Kh) of 0.2. Similar parameter values 

were used in numerical modeling to design a well field for capture of contaminated groundwater 

in Area E. Observation data suggest there may be minor local variations in the aquifer properties. 

Five extraction wells, each pumping at 5 gpm, will provide complete capture of the Area 

E contaminants. Testing of these wells is recommended to evaluate the potential for local 

variations in hydraulic conductivity that could impair the effectiveness of capture at a rate of 5 

gpm. Water level monitoring data with associated water table contour maps should be used to 

evaluate the need for potential adjustments of pumping rates to ensure capture. High rates of 

pumping should be avoided to prevent coning up water from the underlying, unconfined 

Intermediate Aquifer. 
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Table 1 
WATER LEVELS: September 15 - December 11, 2009 

AREA E PUMPING TEST AND REMEDIAL DESIGN GROUNDWATER MODELING REPORT 
FAA William J. Hughes Technical Center 

WELL 
NUMBER 

MEASURING 
POINT 

ELEVATION : 
(FTMSL)' 

GROUND 
ELEVATION 
(FT MSL)' 

DEPTH TO WATER (FEET)8 
DEPTH TO BOTTOM 

(FEET)" WATER LEVEL ELEVATION (FT MSL) 

WELL 
NUMBER 

MEASURING 
POINT 

ELEVATION : 
(FTMSL)' 

GROUND 
ELEVATION 
(FT MSL)' 

9/15/2009 9/23/2009 10/6/2009 11/11/2009 12/9/2009 12/11/2009 9/15/2009 9/15/2009 9/23/2009 10/6/2009 11/11/2009 12/9/2009 12/11/2009 

E-MW1S 62.20 59.78 18.84 18.97 18.92 17.67 N/M* 16.62 31.22 4336 43:23 43.28 44.53 N/M 45.58 
E-MW2S 61.66 60.21 18.54 19:07 18:88 17:44 N/M 16.55 33.40 43.12 42.59 42.78 44.22 N/M . 45.11 
E-MW3S 61.22 58.78 N/M N/M N/M N/M N/M N/M N/M N/A N/A N/A N/A N/M N/M 
E-MW4S 59.27 57.45 15.47 , 19.52 19:24 18:66 N/M 17.19 ; 32.25 43.80 39.78 4003 40.62 N/M 42.08 
E-MW5S 59.32 68.45 19.74 2831 20.12 19:51 N/M 18.32 3392 39.58 39:01 39.20 39.81 N/M 41:00 
E-MW6S 59.77 56.98 ___0 .- ... 15.02 N/M 13.87 — ... ... ... 44.75 N/M . 45.90 
E-MW7D 58,19 65.74 — ... 19.19 17.98 18.08 ... ... ... ... 39.00 40.21 40.11 
E-MW7S 58.29 56:00 ! ... ... 16:20 14.04 13.98 ... • ... ... ... 42.09 . 44.25: • 44.31 
E-MW88 60.66 59.13 ... — 21.17 N/M 20.02 . ... ... ... ... 39.69 N/M . 40.84 

60.30 60.04 — -• 20.03 N/M 10.7 " ... ... ... ... 39.47 N/M '4KB(T" 

Notes: 1)Elevationln feet above mean sea level (Datum Is North American Vertical Datum of 1988) 
2) Depth as measured from top of Inner well casing. 
3):Depth to bottom was not measured during gauging events following the 9/15/09 work. 
4) N/M » Not Measured; At E-MW3S, depth to product on 9/15/09 was 18:45 and on 9/23/09 was 18:50 feet below top of casing 
5) — = Monitoring well did not exist during,this round of water level measurements 
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Table 2 
HISTORIC AREA E WATER LEVELS 

AREA E PUMPING TEST AND REMEDIAL DESIGN GROUNDWATER MODELING REPORT 
FAA William J, Hughes Technical Center 

MEASURING DEPTH TO WATER (FEET)' WATER LEVEL ELEVATION (FT MSL) 

WELL ELEVATION <--1987 —> <—1988—> <--1989—> <—1987 -> <—1988 —> <---1989—> 

NUMBER (FT MSL)1 24-Jun 15-Sep 19-Nov 19-Apr 8-Sep 1-Dec 16-0 ct 24-Jun 15-Sep 19-Nov 19-Apr 8-Sep 1-Dec 16-0ct 
E-MW1S 62.20 18.7 20.07 21.29 20.46 22.17 22.46 18.72 43.50 42.13 40:91 41.74 40.03 39.74 43:48 

: E-MW2S 61.66 18.19 19.71 20.98 20.28 21.93 22:23 13:46 43.47 41.95 4068 41.38 39.73 39.43 48.20 i 

E-MW3S 61.22 20.95 23.9 ** *• - #•' - 40.27 37.32 •* ** - _ .. 
E-MW4S 59.27 - - - - - 21.86 17.8 37,41 41.47 
E-MWSS 59.32 - - - - - 21.95 20 37.37 39:32 

Notes: 1) Elevation In feet above mean sea level (Datum is North American Vertical Datum of 1988) 

2) Depth as measured from top of Inner well casing. 

3) — » Monitoring well did not exist during this round of water level measurements 



Table 3 
AREA E WELL CONSTRUCTION SPECIFICATIONS 

AREA E PUMPING TEST AND REMEDIAL DESIGN GROUNDWATER MODELING REPORT 
FAA William J. Hughes Technical Center 

WELL 
NUMBER 

ELEVATION 
TOP 

CASING1 
(ftmsl) 

NORTHING2 EASTING2 
GROUND 

ELEVATION1 
(ftmsl) 

TOP OF 
SCREEN 
(ftbgs) 

BOTTOM 
OF 

SCREEN 
(ftbgs) 

ELEVATION 
TOP OF 

SCREEN1 
(ftmsl) 

ELEVATION 
BOTTOM OF 
screen' 

(ftmsl) 

SCREEN 
LENGTH 

(ft) 

SLOT 
SIZE 
(in) 

WELL 
MATERIAL 

WELL 
DIAMETER 

(in) 

E-MW1S 62.20 222.543 468,203 59.78 i 10 30 49.78 29.78 20 0.015 PVC 4 
E-MW2S 61.66 222,581 468,366 60.21 13 33 47.21 27.21 20 0.015 PVC 4 
E-MW3S 61.22 222,485 468,349 58.78 10 30 48.78 28.78 20 0.015 PVC 4 
E-MW4S 59.27 222,406 468,339 57.45 12 32 45.45 25,45 20 0.015 PVC 4 
E-MW5S 59.32 222,484 468,406 58.45 14 34 44.45 24,45 20 0.015 PVC 4 
E-MW6S 59.77 222,838 468,117 56.96 20 25 36.96 31.96 5 0.01 PVC 2 
E-MW7S 58.29 222,348 468,538 56,00 20 25 36 31 5 0.01 PVC 2 
E-MW7D 58.19 222,353 468,555 55.74 50 55 5.74 0.74 5 0.01 PVC 2 
E-MW8S 60.86 222,559 468,514 59.13 27 32 32.13 27.13 5 0.01 PVC 2 
E-MW9S 60.30 222,585 468,719 59.04 25 30 34.04 29.04 5 0.01 PVC 2 
E-OW1S 63.50 222,583 468,363 60.24 13 33 47.24 27.24 20 0.01 PVC 2 

; E-OW2S 62.13 222,548 468,262 ; 59.55 12 32 47.55 27.55 20 0.01 PVC 2 
E-OW3S 64.65 222,636 468,463 61.90 14 34 47.90 27.90 20 0.01 PVC 2 

Notes: 1) Elevation in feet above mean sea level (Datum is 'North American Vertical Datum of 1988) 
2) New Jersey Plane Coordinate System (NAD 83) 



TABLE 4 

SUMMARY OF AREA E PUMPING TEST ANALYSES 

AREA E PUMPING TEST AND REMEDIAL DESIGN GROUNDWATER MODELING REPORT 
FAA William J. Hughes Technical Center 

Well Data Solution *T (cm2/sec) 3K (cm/sec) S sy S/S' Kv/Kx 

E-MW-2S 
Pumping 

A 1.100 1.03E-03 - 0.18 - -

E-MW-2S 
Pumping 

B 1,557 1.46E-03 - 0.24 0.2 
E-MW-2S 

Recovery 
C 8.533 8.0QE-03 - - 4.19 -

E-MW-2S 
Recovery 

*A 9.427 8.83E-03 - - - -

E-OW-1S 
Pumping 

A 3.729 3.49E-03 - 0.15 - -

E-OW-1S 
Pumping 

D 4.302 4.03E-03 - 0.36 0.2 
E-OW-1S 

Recovery 
C 3.800 3.56E-03 - 1 -

E-OW-1S 
Recovery 

*A 4.055 3.80E-03 - 0.1 - -

A Cooper-Jacob solution for a pumping test in an unconfined aquifer: Cooper, H.H. and CE. Jacob, 1946. A 
generalized graphical method for evaluating formation constants and summarizing well field history. Am, Geophys, 
Union Trans., vol. 27, pp. 526-534. 

B Moench solution for a pumping test in an unconfined aquifer: Moench, A.F., 1997. Flow to a well of finite 
diameter in a homogeneous, anisotropic water-table aquifer. Water Resources Research, vol. 33, nO. 6, pp. 1397-
1407. 

C Theis solution for a recovery test in a confined aquifer: Theis, C.V., 1935. The relation between the lowering of 
the piezometric surface and the rate and duration of discharge of a well using groundwater storage. Am. Geophys. 
Union Trans., vol. 16, pp. 519-524. 

D Neuman solution for a pumping test in an unconfined aquifer: Neuman, S.P., 1974. Effect of partial penetration 
on flow in unconfined aquifers considering delayed gravity response, Water Resources Research, vol. 10, no. 2, pp. 
303-312. 

1 Agarwal (1980) showed that a simple transformation of the time data allows one to match type curves developed 
for drawdown analysis to recovery data. As implemented in AQTESOLV, pumping rates prior to recovery may be 
constant or variable with the Agarwal method. 

2 Bold type is highest quality/reliability parameter value 

3 Saturated thickness assumed 35 ft 
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Figure 5: Flow Totalizer and Bucket Rates 
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AQUIFER DATA 

Saturated Thickness: 35. ft 

WELL DATA 

Well Name X (ft) V (ft) 
E-MW-2S Pumping Well 0 0 

Observation Wells 
Well Name 
a E-MW-2S 
° E-OW-1S 
° E-OW-2S 

M 

4.33 
110 

SOLUTION 

Aquifer Model: Unconfined 

T = 4.302 cm^/sec 
Sy = 0.3552 

Solution Method: Neuman 

S = 0.03733 
Kz/Kr = 0.2 

Y (ft) 
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FIGURE 7: MOENCH SOLUTION FOR E-MW-2S 
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AQUIFER DATA 

Saturated Thickness: 35. ft 

WELL DATA 
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E-MW-2S Pumping Well 0 0 

Observation Wells 
Well Name X (ft) Y (ft) 
o E-OW-1S 4.33 0 

Aquifer Model: Unconfined 

T = 4.302 cm^/sec 

SOLUTION 

Sy = 0.3552 

Solution Method: Neuman 

5 = 0.03733 
6 =0.003061 
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AREA E - WELL CONSTRUCTION and LITHOLOGY LOGS 



1980s LOGS 







I 

BORING HO.: 
PROJECT NO.; 
PROJECT: 
CLIENT: 
LOCATION: 

E-BS 
3619-NH 
FAN 
FAN " 
PLEASANTVILLE. NJ 

BORINE DEPTH: 
CONTRACTOR: 
DRILLERS: 
TRC INSPECTOR: 
DRILLING METHOD: 

20 FT 
EMPIRE SOILS 
ALBERAUA/MALRER 
ZLOTRKR. MARGINS 
4-1/N* KOLLOH STEM AUGERS 

DATE STARTED: I0/12/RB 
DATE COMPLETED: 10/12/88 
GROUND ELEVATION: 61 FT 
LOCATION: M 222.4S6 

E 2.023.1S4 

DEPTH 
• FT) BLOWS 

OVA 
CPPM) SOIL DESCRIPTION 

ANGERED TO DEPTH OF 10 FEET 

10 - 12 10 11 3 FINE TO MEDIUM SAND. LITTLE SILT. BROHH. CRT. NO ODOR 
IS IS 

12 - 14 0 ll 1 SAME AS ABOVE 
13 IS 

14 • 16 0 » 1 FINE TO COARSE SARD. LITTLE GRAVEL ARB SILT. RED-BROHN. DRV. NO ODOR. 
0 B 14.0-15.0: FINE TO MEDIUM SARD. LIGHT BROHN. 1S.D-16.0 

16 - IB 6 7 i FINE TO MEDIUM SAND AND SILT. LIGHT BROHB-GRAV. MOIST. NO ODOR 

IB - 20 
S 7 

13 9 2 SAME AS ABOVE. NET. 18.0-19.S: FINE TO COARSE SAND AND GRAVEL. LITTLE 
11 9 SILT. MET. 19.S-20.O 

END OF BORING AT 20 FT 

L1THOLOGV 

m 
*5* iV; 

M 
iVV;' 

'•see? ?B£® 

Sill 

o.o 

16.0 

20.0 



BORING NO.: E-BG 
PROJECT HO.: 3E39-181 
PROJECT: FAA 
CLIENT: FAA 
LOCATION: PLEASANTVILLE. NJ 

BORING DEPTH: 
CONTRACTOR: 
DRILLERS: 
TRC INSPECTOR: 

24 FT 
EMPIRE SOILS 
ALBERALLA/NALKER 
ILOTNICN/NANRINS 

DATE STARTED: 
DATE COMPLETED: 
(ROUND ELEVATION: 
LOCATION: 

DRILLING METHOD: 4-1/4' HOLLOV STEM AUGERS 

10/12/88 
10/12/88 
SI FT 

R 222.4G0 
E 2.023.140 

DEPTH 
(FT> 

10 - 12 

12 - 14 

14 • IE 

IS - 18 

IB - 20 

20 

22 - 24 

BIOUS 
OVA 

(PPH1 SOIL DESCRIPTION LITHOLOGT 

2 3 
2 2 
4 8 

11 12 
7 B 

12 12 
9 11 
11 11 
11 11 
10 12 
4 S 
7 8 
8 9 

12 11 

AOGEREO TO DEPTH OF 10 FEET 

SOIL FROM 1-10 FT DEPTH STAINED BLACC HITH PETROLEUM ODOR 

2S0 FINE TO KE01UH SAND. STAINED BLACR. DEFINITE PETROLEUM ODOR. NET 

12S SAME AS ABOVE 

100 SAME AS ABOVE 

72 SANE AS ABOVE 

3 SAME AS ABOVE. 18.0-19.2: FINE TO COARSE SAND. LITTLE SILT AND GRAVEL. 
LIGHT BROHN. NO STAINING. SLIGHT PETROLEUM ODOR. 19.2-20.0 

G FINE TO COARSE SAND AND GRAVEL. LITTLE SILT. BROHN. NO STAINING. NO MOB 

S FINE TO COARSE SAND. LITTLE SILT. REDDISH BROHN. NET. NO STAINING OR 0008 

Em of bori ng athh 

m 5S 

m • 
••Vvy# m wk 

0.0 

24.0 



BORING MO-: 
PROJECT NO.: 
PROJECT: 
CllEST: 
LOCATION: 

E-BI 
3639-NB1 
FA* 
FAA 
PLEASANTVILLE. NJ 

BORING DEPTH: 
CONTRACTOR: 
DRILLERS: 
TRC INSPECTOR: 
DRILLING METHOD: 

RO FT 
EMPIRE SOILS 
ALBERALLA/RALXER 
ZLOTN1CK/HAMN1NS 
4-1/4- HOLLOS STEM AUSERS 

DATE STARTED: 
BATE COMPLETED: 
GROUND ELEVATION: 
LOCATION: 

10/12/88 
10/12/88 
SI FT 

N 222.480 
E 2.021.108 

DEPTH 
I FT ) BLOHS 

OVA 
CPPH) SOIL DESCRIPTION L1TM0L0GT 

AU6ERE0 TO DEPTH OF 10 FT 

10 - 12 13 10 2 
12 11 

12 - 14 16 IS 3 
IS 13 

14 - 16 8 8 2 
10 9 

16 - IB 8 7 1 
6 S 

IB - 20 10 8 1 
9 9 

FINE TO COARSE SAND. LITTLE GRAVEL AND SILT. LIGHT BROSN. DRT. NO ODOR 

SAME AS ABOVE 

FINE TO MEDIUM SAND. LITTLE SllT. BROSN. DRV. NO ODOR 

FINE TO MEDIUM SAND AND SILT. BROSN. SET. NO ODOR 

MEDIUM TO COARSE SAND. LITTLE FINE SAND AND SILT. RED-BROHN. BET. SO ODOR 

END OF BORING AT 20 FT 

m? 
Mas 

m 
0.0 

>.v&-

m 
£><tV 

>.v&-

m 
£><tV 

HI 
16;0 

lis 
18.0 

20.0 



BORING NO.: 
PROJECT NO.: 
PROJECT: 
CLIENT: 
LOCATION: 

E B B  
3639-NB1 
FAA 
FAA 
PLEASANTVIllE. NJ 

BORING OEFTH: 
CONTRACTOR: 
DRILLERS: 
TRC INSPECTOR: 

20 FT 
EMPIRE SOILS 
ALBERALLA/HALKER 
ZLOTMICK/HANKIHS 

DATE STARTED: 
BATE COMPLETED: 
GROUND ELEVATION: 
LOCATION: N 

10/12/88 
10/12/88 
61 FT 

222.424 
ORILLING METHOD: 4-1/4* NOLLON STEM AUGERS E 2.023.120 

DEPTH 
(FT! 

10 - 12 

12 - 14 

14 - 16 

16 - IB 

IB - 20 

BLOWS 
OVA 

(PPM! SOIL DESCRIPTION UTHOLOfiV 

B 8 
10 10 
a g 

12 11 
3 ft 
o a 
5 8 
6 4 
7 S 
7 7 

FINE TO MEDIUM SAND. LITTLE SILT. BROW. DRY. NO ODOR 

SAME AS ABOVE. 12.0^13.7; FINE TO MEDIUM SAW. LITTLE SILT. BROWN. NO ODOR 

FINE TO MEDIUM SARO AND SILT. LIGHT BROW. DRY. NO ODOR 

SAME AS ABOVE 

SAME AS ABOVE 

EW OF BORING AT ID FT 

y.W 

M 

gig-

0.0 

14.0 

00.0 



BORING HO.: E-MN4S 
PROJECT *0.: 363P-N81 
PROJECT: 
CLIENT: 
LOCATION: 

FAA 
FM 
PLEASAMTVILLE.NJ 

BORING DEPTH: 33.6 FT 

CONTRACTOR: EMPIRE SOILS 
DRILLERS: ALBERALLA/HALKER 
TRC INSPECTOR.! 2L0TN1CN 
DRILLING METHOD: 6-1/1" HOLLOH STEM AUGERS 
CROUNO ELEVATION: SB.TO FT 
CASING ELEVATION: 60.62 FT 

DATE STARTED: 10/14/8B 
DATE COMPLETED: 19/14/68 
HATER TABU LEVEL: El.66 n (12/86) 
LOCATION: N 123.376 

E 2.623.167 
NJOEP PERMIT NUMBER: 3610766-7 

DEPTH 
im 

OVA 
BUMS (PPM) SOIL DESCRIPTION LITHOLOBT HELL CONSTRUCTION 

0.6 

I 

6 - 7  

10 - 12 

16 - 17 

20 • 22 

26 • 27 

30 - 32 

4 3 
3 3 

4 B 
P 11 

7 6 
6 3 

6 6 
7 7 

4 4 
4 4 

6 8 
18 36 

1 FINE TO MEDIUM SAW. SOME SILT. SOME GRAVEL. BROUN. MOIST 

2 FINE TO MEDIUM SAND. SOME SILT. BROW. MOIST 

2 FINE TO MEDIUM SAND. SOME SILT. TRACE GRAVEL. NET BELOH 16.6 FT 

1B.R 

4 FINE TO COARSE SAND. LITTLE SILT. BflpHN GRADING TO OAR REDDISH BRONN. NET 

24.0 
3 FINE TO MEDIUM SAND. SOME SILT. BRONN. NET 

B FINE TO MEDIUM SAND. LITTLE SILT. BRONN. NET: LITTLE GRAVEL. 31.0-32.0 30.0 

32.0 

slss JSllls 

111 

f£ 

CVflf:": wm 
HI 

m0i mm 

0.0 im 

10.0 

12.0 

32.0 
' 33.S 

LOCKING COVER 

•f 4* SCHEDULE 40 
| PVC RISER 

| CEMENT/BENTDNITE 
| GROUT 

BENTONITE SEAL 

| TOP OF SCREEN 

I 
I 
I 
I 
I 
| 12* BOREHOLE 
I 
I 
I 

I —r-S4M PACN (NO.l) 
I 
I 

•T<" PVC SCREEN 
| 16-SLOT 
I 
I 
I 
I 
| BOTTOM OF NEU 
J BOTTOM OF HOLE 

ANGERED TO END Of BOOMS AT 33.6 FT 



BORING NO.: 
PROJECT NO.: 
PROJECT: 
CLIENT: 
LOCATION* 

E-MWSS 
3S39-N81 
FAA 
FAA 
PLEASANTVTLLE.NJ 

BORING DEPTH: 34 FT 

CONTRACTOR: EHP1RE SOILS 
DRILLERS: ALBERAL LA/WALKER 
TRC INSPECTOR: 2LOTN1CK/FRANCE 
DRIU1NG HETHOO: (-1/4* HOLLON STEM AUGERS 
GROUND ELEVATION: SR. 70 FT 
CASING ELEVATION: SO. 57 FT 

DATE STARTED: 10/17/8B 
DATE COMPLETED: 1S/17/BB 
HATER TABLE LEVEL: a.PS FT (12/88) 
LOUT ION: N 222.4"5 

E 2.023.20S 
NJDCP PERMIT NUMBER: 3S107B7-S 

DEPTH 
(FT) 

OVA 

BUMS (PPM) SOIL DESCRIPTION L1THOLOSV HELL CONSTRUCTION 

S - 7 25 27 
II 30 

1 0 - 1 2  7  1 1  
10 B 

1 5 - 1 7  3 5  
t 4 

20 - 22 2 3 
4 4 

25 - 27 1 1 
2 5 

30 - 32 2 4 
B 12 

2 MEDIUM TO COARSE SANO. SOME GRAVEL. TRACE CUV. SLIGHTLY COHESIVE 

2 FINE TO MEDIUM SANO AND SILT. LITTLE GRAVEL. ORV. 10.0-10.S: FINE TO 
COARSE SANO. SOME SILT. SOME GRAVEL. LIGHT BROWN. 10.S-12.0 

I MEDIUM SAND. SOME SILT. SOME FIRE SANO. YELLOW BROWN. WET. SOMEWHAT 
COHESIVE. NET BELOW IS.5 FT 

6 COARSE SAND. TRACE SILT. LITTLE GRAVEL. YELLOW. WET 

FINE SAND AND SILT. COHESIVE. YELLOW-BROWN 

FIRE TO MEDIUM SANO. LIGHT YELLOW 

0.0 §?££ " 
fc.VV, m 
m m 
Hi" 
tl in 

0.0 

18.0 

24.8 

2B.0 

32.0 

Si 

Wi 
§S£ 

H 

LOCKING COVER 

8.0 

11.0 

14.0 

I 4* SCHEDULE 40 
I PVC RISER 
I 

CEMENT/BERTONITE 
j GROUT 
I 

BENTONITE SEAL 

| TOP OF SCREEN 
I 
I 
I 
I 12* BOREHOLE 

•+ SANO PACK (NO.l) 
I 
I 
f" PVC SCREEN 
| 15-SLOT 
I 
I 

34.8 BOTTOM OF WELL 

ANGERED AHEAD TO ENO OF BORING AT 34 FT 



2009 LOGS 



PROJECT: 

Area E Pre-Design Activities: Task C 

BORING L OC ATION 

DRII I ING CONTRACTOR: 

COORDINATES(NJ PLANE SYSTEM - NAD83) 
E vs ij Ri •. 468117 NOR IHERLY: 22283X 

DRILI INO METHOD: 
HC'DI Ken At wood 

HSA 
DRILLING EQUIPMENT: 

Mobil B-57 Tmck-Mounted Rotary Drill Ri«t 
SAMPLING METHOD: -,.01 n 

2 Split-Spoon 

E-MW6S 

DATE STARTED: 

TOTAL DEPTH (tt.»: 

10/6/09 

2s 
DEPTH TO WATER 
(Post Dev.Mtt». 16.72 
LOGGED BY: 

Chris Lindahl 

DATE FINISHED: 
10/6/09 

ME ASURING POINT: 
Ground Surface 

GROUND SI IRE ACE 
ELEVATION (NAVD 881 
TOP OF INNER CASING 
ELEVATION (NAVD 88 >: 

5696 

59.77 

a a 
Blow 

Counts 

HA 

HA 

13-11-19-25 

lit 

L ETHOLOGY 
DESCRIPTION 

G found Suface 

0• 1' T opscii 

1-3 Light brown foe to medium SAND, *tle Silt 
most 

20 

10-14-20-20 17-1* Tannsh trown fine SAND, trace Sit, 
trace fre Gravel damp, no ode1 no stainix) 

10-19-19-12 15 "17 iellcvash & Ote S Af C. trace Silt 
saturated 

17-1? 0-4". Y dlcNvtsh brown fine SAND, it tie 
in.iQ.icin lfi,lS",urated;A8"' Ugt* trawi fln» to rrwdun 
10-19-19-12 SAND, seme bit wet no odcr/no stainrg.9-14" 

Y efc'wtsh brown <rte to medium SAM), 
satuiated, no odoe.'nc stainng 

19-21 0-2G Yetowtsh brewn fre to meckim 
5-10-15-18 §?££• *tle Sil1- saturated no odcr/no stainiro; 

20-^2: Yellowish brown tine SAND, Ttle Silt 
53t"Ji3ted. no odor/no stairsng 

WELL CONSTRUCTION 
DIAGRAM 

5-7 0-9^ Dark brown fine SAtD trace Sit, trace 
coarse Gravel at bet torn. dry. no odoi/no 
staring S-1fT Lcjht brown fme SAM). trace Sit 
dry no odor/no stain ny 

4-5-3-9 2l'-23_Yellowcsh crcv.n trie to medium SAND 
trace SJt. saturated. no odor/no staring 

8-5-4-3 F3'"25 trie ro rrediLm SAND 
little Sit saturated, no odor/no staining • 1= 

REMARKS 

Stickup Protector 

Riser: 0-20 feet bgs w 2.5 foot stickup 
2-inch OPVt riser 

Bentonite Cement Grout Seal: 2-1 S 
I'eet has 

filter Pack 18-25 (eel has o si/.e saiul 

Screened Interval 20-25 feel.0.010 
slot.2-inch OPVC screen 

Project No. 162662.0090.0700 Page l of l 



PROJECT 

Area E Pre-Design Activities: Task E 
B<>RJNG [ OCATK>N: 

DRILLING CONTRACTOR: 

DRII I l\(i ME II lOI): 
ECDI: Wellington Reeve 

HSA 

SAMPLING METHOD: 
2' Split-Spoon 

C< x IRDINATES I NJ PLANE SYSTEM - NAD83) 
EASTERLY. 468538 NORTHERLY: 222348 

DATE STARTED: 

TOTAL DEPTH (ft. i: 

DRILLING EOI Il'.MENT: 
Mobil B-58 Truck-Mounted Rotary Drill Rig 

10/27/09 

25 
DEPTH TOW ATE R 
i Post IN\ Mft) 17.03 
LOGGED BY: 
Mark YVinbourne 

GROUND SURFACE 
ELEVATION (NAVD 88): 

DATE FINISHED 
10/27/09 

ME \SI RING POINT: 
Ground Surface 

56 
T(>P < >F INNER CASING 
ELEVATION (NAVD 88): 58.29 

a. 5 Blow 
a ~ l ounts 

LJTHQLOGY 
DESCRIPTION 

WELL CONSTRUCTION 
DIAGRAM REMARKS 

Slick up Protector 

0 - - I  

N/A 

W'A 

12-14-14-20 

Ground Surface 
0 T Tcpsoii 

1 5 LJgrt reddish brown fire to coarse SAND 
and fine to coarse subrourided GRA VEL trace 
Si* mc«st 

S- 7 Ugtt reddish Drown fire to coarse SAND 
and fine to coarse subrounded GRA VEL trace 
Sit mo«5t 

Riser (i-20 feet Iigs vv 2 5 foot stickup. 
2-inch OPVC riser 

14-15-20-13 10-12 Strong bronn tre to coarse SAND lure 
Sit I IK*5 t  

Bentonile Cement Grout Seal ""-IS 
feet has 

10-9-9-9 

6-5-4-4 

20 ; S-4-6-7 

4-5-5-6 

2-3-5-9 

'*•' SI'JFS £rewn fine to coarse SAMD. 
1- 'S Strong brcwvn fine to 

ooarse SAMO. little St, net 

"IS Stlcog bfOAn, yefcrash blOvvn. and dray 
fine to rneduii SAMD ttace St wet 

19-21 Strong bf OAn and yedontsh brown fine to 
coase SAMD. some foe to coarse subtoond-d 
Gravel -.-vet 

Strcn9 ww.fi and gray fine to 
medium SAFE. Ml* Sit. wrt, 10.Iff" Gray fine 
to medium SAMD, seme Si, net 

'/A' nGr3y S'LT seme file to medium 
sand, wet 8-14' Strong ttcm.n and glay fine to 
medium SAMD, xtle Silt, wet 

m. Filter Pack I 8-25 feet has. n size sa ml 

Screened Interval: 20-25 feet.0.010 
screen 

Project No. 162662.18190.07(H) Page | of i 



Area E Pre-Design Activities: Task E 
BORING LOCATION: 

DRILLING CONTRACTOR 

E-MW7D 

; DRILLING METHC>D: 
ECDI: Wellington Reeve 

HSA 
DRILLING L(.)l IPMENT: 

Mobil B-58 Truck-Mounted Rotary Drill Rio 
SAMPLING METHOD: ~ = 

- Split-Spoon 

a. Blow 
3 - Counts 

If) 

LITHOLOGV 
DESCRIPTION 

0-0 G rcc/nd Surface 

0 25" See E-MW7S 5 Bortig Log 

C( H IRDINATES i NJ PLANE SYSTEM - NAD83) 
EASTERLY 468555 NORTHERLY 

DATE STARTED: 
10/27/09 

T()TAL DEPTH (ft 

UEPTH 'to \\ YIIR 
(Post Dev.)(ft): 18 57 

222353 
DATE FINISHED 

10/28/09 

EOGGE'DBY: 

55 MEASURING POINT: 
Ground Surface 

GROUND SURFACE 
ELEVATION (NAVD88) 55 74 

,, j . . .. , TOP OF INNER CASING 
Mark Winbourne ELEVATIONINAVDSSI. 

5 8 . 1 9  

WELL CONSTRUCTION 
DIAGRAM 

REMARKS 

Stickup Protector 

Riser: U-50 feet bg» w 2.5 foot stickup 
2-inch OPVC riser 

30 

11-11-11-11 rn>«« 

25-50'3" SAND. ^ tQ msdiu" 

19-24-31-30 'TOto-^« 

TO j 
14-27-37-44 fiSlE s,fOT9 (fJJJl ) alowish crown. art! gray 

r 1,2 C?al w face fine sub,ounded 
Gravel, trace Sit moet 

SO 

60 

fLA Not Sampled: 5 feet c# Sand n Hollo* 
asm Upon Inserting Spit Spoon 

12-15-22-24 "-af* r®ddsh brawn , yetowsh brown 
and gray fine to coarse SAND, trace Silt wet 

20-23-23-22 -2-S4 Vellcwrsh frown fine to coarse SAND 
trace fne surrounded Gravel trace Silt, wet 

15-19-26-35 7llcw*sh btcwn fine to coarse GRA VEL 
litte fine to coarse SAND. Mle Si#, we# 

Bentonite Cement Groin Seal: 2-48 
leel hits 

Lille. Paek: 48-55 feel bgs. size sand 

•Screened Interval 50-55 feet, o 010 
slot. 2-inch OpVC screen 

Project No. 162662.0090.0700 Page l of 1 



PR< MECT: 

Area E Pre-Design Activities: Task E 
BORING L(X VTION: 

DRILLING CONTRACTOR 

I DRILLING METHOD: 
Hf DI Wellinyton Reeve 

HSA 
DRILL ING EQI'IPMENT 

SAMPLING METHOD 
Mobil B-58 Truck-Mounted Rotarv Drill Ri» 

; MFTMrArv 5?-

2' Split-Spoon 

E-MW8S 
COORDINATES INJPLANL" SYSTEM - NAD831 

EASTERLY: 468514 NORTHERLY 
DATE STARTED: 

10/26/09 
ri )TAL DEPTH HI. I 32 

8 km 
Counts 

L1THOL0GY 
DESCRIPTION 

DEPTH To WATER 
(Post Dev.)( ft); 21.65 
TOGGED B) 

Mark Winbourne 

222559 
DATE FINISHED: 

10/26/09 

GROVND SURFACE 
ELEVATION (NAVD 88): 

MEASURING POINT 
Ground Surface 

TOP OF INNER CASING 
ELEVATION (NAVD 88): 

WELL CONSTRUCTION 
DIAGRAM 

59. 

REMARKS 

60.86 

lit 

Grcxjnd Surface 
HA 17-1' ropscil FvXvl 

HA 1''-5 Brown f ne to cease SAND and fine to 
cease subtctinded GRAVEL, Ittle Sit moist 
medium dense 

12-18-15-11 5-7 Strong brown fine to coase SAND, tttle Si# 
littte fme subrounded Graved moist 

7-8-12-11 Ljr9llt ydlcwish bra»vn fine tc coarse 
SAW. trace Silt mc*t 

'5-lf 0-8: refcwsh brtv.il fine to medurn 
4-7-11-14 rP-J'f®S» fib'ouncJsd Gtatet most. 

3-1-4 Yelbvush fc*cv,n fine to medium SAND 
trace f re subtcunded Gravel. *\et 

r:0"-p Yeflowsh brcv»r and gray-mottled 2-5-6-9 [ine to medmi s.Af lD some S4, moist <>18 
CMEl?°d gray-mottled tire to medium SAND, some SiH wet 

-5-2/ 0-15' Dark reddish Droon, yefcjw and 
gay mettled SILT and CLAY, moist. 15-2C' 
SANC? ttte S«ldv5ay'mCtTl6d t0 metiiUni 

Til 

Wr.'l2"-6-10 

3-11-11-12 

7-8-22-40 2S'-3' Yelloosh tfewn strong from and red 
fine to coatse SAND ittle Silt. wet 

?I£n| ?OA!i ^ 9fay tre to medium 
SAND, ittle Silt. Aet 

4-5-9-9 it! ."3J-/el,0'A,sh WcvvT1 trie to coarse SAND 
littte Si*. wet I 

Stickup Protector 

Bentonite Cement Grout Seal: 2-25 
feet bus 

F iIter I'ack 25-32 feet bus. =0 size s and 

Screened Interval: 27-32 feet.0.010 
slot. 2-inch () PVC screen 

Project No. 162662:0090.070® Page 1 of I 

Riser: 0-27 Leet bgs \v2.5 Tool sliekup 
2-ineh() PVC riser 



PR< )JECT 

Area E Pre-Design Activ ities: Task E E-MW9S 
Hi IRING 11K \TION: 

DRILLING CONTK \CTOR 

DRILLING METHOD: 
ECDI: Weljingtoni Reeve 

HSA 
DRILLING EQUIPMENT: 

Mobil B-58 Truck-Mounted Rotarv Drill Ri 
SAMPLING METO >D: 

2' Split-Spoon 

C< X)RDINATES <NJ PLANE SYSTEM - NAD85) 
EASTERLY: 468710 

DATE STARTED: 

TOTAL DEPTH iti.i 

DEPTH TO WATER 
(Post Dev. ntt) 22.8 

NORTHERLY 222585 
I n/TC/nn D ATEEINISHLD: 
10 -8 ©? I 10/29/09 

30 MEASl'RING POINT 
Ground Surface 

N.A 

N/A 

6-7-7-9 

20 

11X Kil l) BY: 

Mark Winbourne 

GROl ND SURFACE 
ELEVATION (NAVD 88): SO 04 
TOP OF INNER CASING 
ELEVATION (NAVD 88): 60.3 

Blow 
Counts 

LITHOLOGY 
DESCRIPTION 

WELL CONSTRUCTION 
DIAGRAM REMARKS 

6-9-14-19 

Ground Surface 
C7 0 75" T opsoil 

0.75 5 Strong brcwi fine to coarse SAND seme 
fine to coarse sufcrcurried Gravel trace 
most 

5-7 Strong fine to medium SAND little 
Silt rncxst 

c ?" tKO/,n frMS TO medium SAND 
KteSi* 1TKC 410' Strong c*ov,n and gray 
SILT seme CLAY trace fre Sand 

10-17-19-13 15"J7 Sj'vy SAND socre coaise 
sutrcurded Gravel, trace Sit, mcist 

M) 

4-7-9-12 f'JJ? t*0™ gray-mettled fine ro meoium 
SAND, seme Sit wet 

5-9-10-11 —2-X Strong bfewn and gray - mottled fine to 
medium SAND, some Silt wet 

6-10-9-14 ^"T6" Strong tfcvvn and gray-mottted fire to 
medium SAtf). some Silt wet 

5-10-12-11 Strom brow and gray-mottled fire to 
medium SATO, some Silt -.vet 

2-5-9-11 S/S ^ S'3-'1 fre to coarse 
SAND, attle Si* wet 

Stickup Pmlector 

Riser 0-25 feet bgs w I fool stiekup 
2-inehOpVC riser 

Bentonite Cement Grout Seal 2-25 
feet has 

I illcr Pack 2 o feet bus ~0 size sand 

Screened Interval 25-50 feet. 0.01(1 
slot. 2-inch <)PVC screen 

Project No. 162662.0090.0700 Page I of 1 



PROJECT 

Area E Pre-Design Activities: Task D 
BORING LOCATION: 

DRILLING CONTRACTOR: 

DRILLING METHOD: 

at E-S21 

ECDI. Jim Zigger 

E-B9 

Directpirsh 

CI X »RD1N'A IKS (NJ PLANE SYSTEM - N U)XG 
EASTERLY: 468371 N()R rHERl 

DATE STARTED 
10/12/09 

DRILLING EQUIPMENT: 
Geoprobe 5400 

SAMPLING METHOD: 
5' Macrocore 

DEPTH TO 
WATER: 

HAMMER WEIGHT: 
N/A 

II 

Recovery 

4 )  

I 

,-i o 
J U 

so% 

3.3 5 | 66% 

I I )  

11 

12 

IT 

14 

15 

IB / H 

17 J 
j 

IS ; 

H> 4 

2.5 | 5 50% 

96% 

20 
; 

21 4 

DROP 
N/A 

z £ 

TOTAL DEPTH (ft ): 

1 8  

20 

222681 
date finished 

10/12/09 

GROUND SI REACT 
E LEV A I li )N i \ \\ DSS) 

MEASURING POINT: 
Ground Surface 

LOGGED BY: 
Mark Winbourno 

RESPONSIBLE PROFESSK >\ \T 

zl rg 
0 X 

5 

Larry Butjien 

DKS( RiPTION 

GRAVEL, trace Silt, moist tlne to u,jrsc Grounded 

GRAVEL! trace SilMno,7"NMir ;S^>an,d '"1C ,w ^>arse Grounded 
s I,£ 

ir> 
uS 

o> CD 

If) 

CD CD 

5,1't. "iterlav ered (range lrom 1 8-1 2" thick > 

mi ~t° ^ 'Sll"n.s hrtn\n. brown and light grav line to coarse SAND trace Silt 
interlay ered iranye from I S-l "»" thi.-L-1 i R •, trace Silt. 
50-58" White line lo medium SANIxtel SAMX 

Project No. 162662.0090.0700 Page l of l 



PRC MECT: 

Area E Pre-Design Activities: Task D 
BORING LOCATION: 

DRILLING C'f INTRACTC »R 

DRILLING METHOD:' 

at E-S24 

EC'DI Jim Ziyger 

DRILLING EQUIPMENT: 

SAMPLING METHOD 

HAMMER WEIGHT^ 

Directpush 

Geoprobe 5400 

5' Macrocore 

E-BIO 

CooRDIN V I t s (N.i PLANE SYSTEM - NAD83) 
I AS I E.RL) 4682X4 N« )R I'HERLT 

DATE STARTED; 
10/12/09 

TOTAL DEPTH tft >: 

DEPTH TO 
WATER 

20 
17 

LOGGED BY 

222624 
DATE FINISHED 

10/12/09 

GROUND SI RE AL E 
ELEVATION (NAVD88) 

MEASURING POINT: 
Ground Surface 

N/A 
Recovery 

V z 
ST "J 

o A 

3.3 66% 

; 

6 H 

H 

8-1 
-) 

9-A 

io 4— 

3.2 64% 

I I 

i; 
• 3.7 5 | 74% 

14 

15 
-j 

: 
16 H 

DROP: 

•4S ~ 

rz 
X -

lf> 

uS 
oi 
o 
5 
LLJ 

uS" 
K 

N/A 
Mark Winbourne 

RESPONS1BIE PROFESSIONS! 
Lar ry  Bu t l i en  

DF.S( R1FI ION 

Y n " ^ i 1"-° Brown Line I<> medium SANDtind SILT moist ">0.40" 
( S  f m e C ° a r S e  S A N D a n d  t h , c t o  —  ̂o u m l c d  

-IHO^ 

lo-15'.i-s" stmna brown and yellowish brow,, tine to coarse SAND trace tine 
founded (,ravel.,race Sill, moist: 8-I8": Dark grav tine to coarse SAM) S T al,d 
SSi moTsL t™ " d e J / ; K A V ^ -  —  < S - r o n u  b r o w n  t i n e Z ^ '  

ANU mo,St. .0,-44 Light gra\ t,ne to coarse SAND, trace Silt.moist 

: 3.3 
IS 

10 

2o 

66% 

o 
5 
LLJ !v,rf' "** s|ron5? brown and light gra\ tine to coarse SANI). trace Si It moist X-l 

Dark grav tine to medium SANDand SILT.moist; 1 l-2c>" Stro,,, brow", . |o 
SAND.'we'0 COi'rSe SAND- -***^ *"»» — and hghigrm tint ,t crla.se 

Project No 162662.0090.07 1)0 Page l of l 



PROJECT: 

Area E Pre-Design Activities: Task D 
BORING LOC ATION 

DRILLING CON TRACTOR 

E - B U  

DRILI 1NG Ml I HOD 

DRILLING EQUIPMENT: 

at E-SS 

FC DI: Jim Ziy^er 

Directpush 

SAMPLING METER>1) 

HAMMER WEIGHT. 

S C 
r |  

Recovcn 

Geoprobe 5400 

5* Macrocore 
DROP 

N/A | N/A 

C< H ERDINATES(NJ PLANE SYSTEM - NADS JI 
EASTERLY: 46X427 NORTHERLY. 222555 

DATE STARTED: 
10/12/09 

TOTAL DEPTH (ti >: 

a =• w 
•£ 3 •-1 3 
J "•J a 

3.7 5 74% 

-I 
- i 

j 3-2 5 j 64% 
S H 

9 j 
-

10 } 

l l - i  

•— .3 

DEPTH T() 
WATER: 
I (XKIED in 

20 
16 

DATE FINISHED: 
10/12/09 

GROUNDS! RFACE 
ELEVATK >N \ \ \ DNS I 

ME ASURING POINT: 
Ground Surface 

Mark Winbourne 
RESPONSIBI E PROFESSIONAL 

zt -r 

'1 / 

Farrv Butlien 

DESCRIPTION 

0-5 II-UI lopsoil: 10-24" Strong brown fine ID coarse SAND SILT ,nd finer 
coarse subrounded GRAVE! moist-">4-44" »- "" 
tine to eoarse subrounded GRAVE! moi^r wll,te and gray tine to coarse SAND and 

Oliml™,i?ibW-^rinVl,COarS?A^,and '"'"c to coarse subrounded 
and SII T moist interi : f " a,UPdl,m,sh brown fi„e lo medium SAND moist, uiteil j\ eredl la\ ers range Irom I IG-1 2" thick) 

: 3.7 
13 

1 4  

15 

16 

17-

IS 

I'J 

74% 

42 5 84% 

IT) 

lA 
csi 

5 
UJ 

in 
N. 

CQ 
LU 

moisM 6 nr T,0 rrSC SANIX SOme fine to COarSe -bounded Gravel Dace 

vw., „iterla\ ered. uSr 33^™ " ^ ̂  S'" 
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PROJECT: 

Area E Pre-Design Activities: Task D 
BORING LOCATION: 

DRILLING CONTRACTOR: 
at E-S6 

DRILLING METHOD: 

DRILLING FQI IPMENT: 

SAMPLING ME UK >D 

HAMMER WEIGHT: 

ECDI: Jim Zigyer 

Directpush 

Geoprobe 5400 

5' Macrocore 

N/A 

E-B12 

C(X»rdinates ,nj plane system - X UJSG 
EASTERLY: 46X4711 v,u> rur,-.. 

DATE STARTED: 
468420 

10/12/09 

northerlt 

DROP: 

g-J a = 

Recovers 
u ~ 
- P 

: 3.7 5 ' 74% 

6-i 

7 -i 

8 -j 

<>4 
-4 

: 

60% 

10 

12 

i 3  :  

3.8 76% 

14 

15-4-
10 

17 

18 

10 

20 4 
21 : 

3.7 74% 

N/A 

^ "Z Z j-

if)  
CN 

CM 
CD 
LLJ 

liS 
CN 
T— 

CN 
5 
LLJ 

LO r^' 

CM 

5 
UJ 

T()TAL DEPTH lit .): 

20 
DEPTH TO 
WATER: 16 
LOGGED BY 

222539 
DATE FINISHED: 

10/12/09 

GROUND SURFACE 
I' I I V VI it >\ (NA\ D88) 

MEASURING POINT: 
Ground Surface 

Mark Winbourne 
RESPONSIBI E PROFESSIONIAI 

Sin 
Larry Butlien 

DESCRIPTION 

?'-lo Strong brown and arav tine to coarse KANlt sir r . moist - NANI1 sr[ t- -"Hi It ne to coarse GRAVEL 

^ ^  ~ ' '  ' '  Miotic brown and srav line lo coarse s AlsJTV en r  • t-
(iRAVFL moist h IS" rwt Is ANI • S" T- and tine to coarse L ini ist. o |s hrown line to coarse SAN!) SII T m I One i 
subrounded (TRAVEL moist ls-40" v..n .. i . , coarse 
SANL). trace finet^e^mot^^' l^2it ' -

.race .41/ ml i s /' u' 4 t fii" ""j? J*1" r,ne to coarse SAND- trace tine Gravel, 
li ne < rra\ el. I race Silt, wet w br(w" a"d light gray line to coarse SAND, trace 
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I'ki IJECT 

L Area E Pre-Design Activities: Task D 

BORING I ix/ \TION 

Approx. midway btwn. E-S22 and E-S23 
tAt'TOU ~° DRILLING CON I RACK >R: 

J DRILLING METHOD 

k 

EC DI. Jim Zinsser 
—WW 

DRILLING EQUIPMENT: 

SAMP! l\G METHOD: 

HAMMER WFIGHL 

Pirectpush 

Geoprobe 5400 

COORDINATES(NJ PLANE SYSTEM - NAD83I 
EASTERLY: 468342 NORTHERLY 

DATE STARTED: 
10/12/09 

TOTAL DEPTH Hi I 

222645 

Recovery 

5' Macrocore 
vi . «  D ROP 
N/A N/A 

DEPTH TO 
WATER: 

?• a j ~ 
- .y 

as 

I 

1 

4.2 

I 

3.7 
S • 

! = 
-iL_4 

84% 

74% 

«£ rs sis 
~ ox •x — 
T. 
/ * »i r 

20 

DATE FINISHED: 
10/12/09 

17 GROUND SURFACE 
ELE\ ATION (NAVD883 

ME ASURING POINT. 
Ground Surface 

LOGGED BY: 
Mark Winbourne 

RESPONSIBLE PR( IFFSSIO.NAI 

Larry Butlien 

DESCRIPTION 

Re I iV f i r"r>N'!'1' ,S"lh Brown line to medium SANDanJ SII T moist 16 40" 
moist ".V5" "!Cs.V"m.rCJS,I>- Sll-f-a"J fi,,« subround^l " 

coarse suhrounded GRAVE!Irate sm" mo, st' " ̂  '"'C C°arSe SANDm<1 r,nc to 

sfcSs"?, u^%%%r^sm>antt,ne , o — •  
u lit to coarse SAND. I.ltle Sill moist. iJt seam tYom Ml Jx"" ' * bWWM 

III 

II 

: 

12 : 

3.8 

14 ] 

16 

1/ -j 

1S 
• 
' 

19-4 

3.2 

2o -

76% 

64% 

IT) 

iA 
CN 
ro 
5 
LU 

eT 
K 

~5 
5 
LO 

d,T J'' br°Wnand »»> <"'»*— SAND. IHHe 
Sill moist h"1" ' dl°W,sh hRnV" '*'« §r;l> fine to coarse SAND. trace 

"V " T' V . 'S,rtmS? hr"Wli and brown line to coarse SAND SII r and tine 

coarse SAND, trace Si'lt. vvot' ' ' Ve,kmish ba,un and stro"S brown tine to 
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PROJFC I 

Area E Pre-Design Activities: Task D 
BORING I or \iioN 

Approx. midwav btwn. E-GP20 and E-GP">5 
DRIl | mo CI)N I K ACTOR. 

E C  D l  J i m  Z i u i j e r  
DRILLING ME I'HOD: 

Directpush 
DRIl LrNG EQUIPMENT: 

— Geoprobe 5400 
j SAMPLING METHOD: 

5' Macrocore 
. . . .  D R O P :  
N/A N/A 

E-B14 

O H HtTHNATES i NJ PLANE SYSTEM - NAD.S1> 
fas i erlaj 468529 Nor iherly 222381 

DATE STARTED 

TOTAL DEPTH (ft. k 
10/12/09 

DEPTH TO 
WATER: 

15 

1 2  

HAMMER WEIGHT 

GROUND SURFACE 
El I \ ATIQN! \ \VD8X) 

date finished. 
10/12/09 

MEASURING POINT: 
Ground Surface 

Recovery 

1 
7 i 

1 2.7 54% 

4 

. • > !•-

H 6 i 

2.8 5 56% 
S 

'H 

lo 

11 

-J 2.7 ! 5 54% 
13 

S I 5 

iTKKiFD BY 
— Mark Winbonrne 

RFSP( >NSIBLEPR( )FESs"lONAL~ 

•-i a 

Larry Butlien 

DES< Rim ON 

suhrouided aSva.'S Brown,inc u> coarse SAM)- SU-T. a men si Hid line to coarse 

5'-lo' Strong brown fine to medium SAND, some Silt trace line (navel, moist 1 l,acc n,lt lo coarse stibrounded 
o 
in 

£ 

in 
CN 

T 
CD 
LLI 

moist: 18-32"- LF-ht brown'"i'D• h,~v 'H hrown ,me to medium SAND, little Sill 
SAND, little Silt £ § dl°U1<h h"'"" ;lllJ broun fine to medium 



APPENDIX B 

STEP-DRAWDOWN TEST PLOTS 



E-MW-2S Step Test 

change to 7 gpm about 5:25 p.m. 

8.5 gpm 6:34 p.m. 

7 gpm = 5.3 ft dd • EMW2S 

4 gpm 2:41 p.m. 

2000 4000 6000 8000 10000 

Elapsed Time (sec) 

12000 14000 16000 18000 



25 

20 

15 

D 
e 

P 
t 
h 

t 
o 

H 
2 10 
O 

E-MW-2S Step Test 

pump off 7:41 p.m. 

start/increase 
to 8.5 gpm 

about 67 minutes 
at 8.5 gpm 
9 ft dd 

• Seriesl 

5000 10000 15000 

Elapsed Time (sec) 

20000 25000 



15 

D 
e 

P 
t 
h 

t 
o 

H 
2 10 : 
O 

E-OW-1S Step Test 

4gpm2:41 p.m. ">8pm3:09p.m 

about 2 ft dd 

8.5 gpm 6:34 p.m. 

• OW1S 

0 • 

0 2000 4000 6000 8000 10000 

Elapsed Time (sec) 

12000 14000 16000 18000 



18 

E-0W-2S Step Test 

17.9 

D 
e 

P 
t 
h 

17.8 

17.7 

17.6 

17.3 

17.2 

change to 7 gpm about 5:25 p.m. 

about 0.08 ft dd 

4 gpm 2:41 p.m. 

8.5 gpm 6:34 p.m. 
• OW2S 

17.1 

17 

2000 4000 6000 8000 10000 

Elapsed Time (sec) 

12000 14000 16000 18000 



17.5 

E-0W-3S Step Test 

17.45 

D 

e 

P 
t 
h 

17.4 

17.35 

17.3 

° 17.25 

change to 7 gpm about 5:25 p.m. 

• 0W3S 

17.05 
8.5 gpm 6:34 p.m. 

17 -t-

2000 4000 6000 8000 10000 

Elapsed Time (sec) 

12000 14000 16000 18000 



APPENDIX C 

E-MW6S BACKGROUND WATER 



MW-6S 72-hr Test and Recovery 
11.8 

11.75 

4/16/10 0:00 4/16/10 14:24 4/17/10 4:48 4/17/1019:12 4/18/10 9:36 4/19/10 0:00 4/19/10 14:24 4/20/10 4:48 

Date and Time 

• Depth to Water 



11.75 

11.65 

11.55 

11.45 

MW-6S 72-hr Test and Recovery 

• Depth to Water 

Linear (Depth to Water) 

11.4 

11.35 

0.00 50,000.00 100,000.00 150,000.00 200,000.00 250,000.00 300,000.00 350,000.00 400,000.00 

ElapsedTime 



MW-6S Background Pre-Step Test 
11.52 

11.51 

11.5 

11.49 

11.48 

11.47 

11.46 

11.45 

11.44 

11.43 

• 

• 

— , 
1 I 

• Background 

Linear (Background) 

0 10000 20000 30000 40000 50000 60000 70000 80000 90000 

Elapsed Time 



APPENDIX D 

72-HOUR SUSTAINABLE RATE TEST OBSERVATION DATA PLOTS 



E-MW-2S 72-Hour Test and Recovery 

t 22 
o 

W 

a 

t 

e 

r 

f 

t 

.. oh 

! •
 

• 
•
 

•
 

• i 

i j 

• 

• 
• 
• L _ „ • 
• 
• 

> 

_ _ i 

• E-MW-2S 

4/16/10 7:12 4/16/10 21:36 4/17/1012:00 4/18/10 2:24 4/18/1016:48 4/19/10 7:12 4/19/10 21:36 4/20/1012:00 

Date and Time 



T 

E-MW-2S 72-Hour Test and Recovery 

• E-MW-2S 

• Bucket Rate (gpm) 

Elapsed Time (sec) 



E-MW-2S 72-Hour Test and Recovery 

• E-MW-2S 

• Bucket Rate (gpm) 

50000 100000 150000 200000 

Elapsed Time (sec) 

250000 300000 350000 



E-0W-1S 72-Hour Test and Recovery 

19.5 

D 
e 

P 
t 
h 

t 
o 

W 

a 

t 
e 

r 

f 

t 

17.5 

18.5 

• E-OW-1S 

4/16/10 7:12 4/16/10 21:36 4/17/1012:00 4/18/10 2:24 4/18/1016:48 4/19/10 7:12 4/19/10 21:36 4/20/1012:00 

Date and Time 



E-0W-1S 72-Hour Test and Recovery 

mat 

• E-OW-1S 

• Bucket Rate (gpm) 

100000 150000 200000 250000 300000 350000 

Elapsed Time (sec) 



o 
w 
n 

10.0000 

9.0000 

c 
o 
r 
r 
e 
c 
t 
e 
d 

8.0000 

7.0000 

6.0000 

D 5.0000 
r 
a 
w 4.0000 
d 

3.0000 

— 2.0000 

1.0000 

0.0000 

E-OW-1S 72-Hour Test and Recovery 

• E-OW-1S 

• Bucket Rate (gpm) 

0 50000 100000 150000 200000 250000 300000 350000 400000 

Elapsed Time (sec) 



18.2 

E-0W-2S 72-Hour Test and Recovery 

18.1 

D 

e 18 

P 

17.4 

4/16/10 7:12 4/16/10 21:36 4/17/1012:00 4/18/10 2:24 4/18/1016:48 4/19/10 7:12 4/19/10 21:36 4/20/1012:00 

Date and Time 



E-0W-2S 72-Hour Test and Recovery 
20 __ 

6 

f 

2 

50000 100000 150000 200000 250000 300000 350000 

Elapsed Time (sec) 

• E-OW-2S 

• Bucket Rate (gpm) 



E-OW-2S 72-Hour Test and Recovery 
0.25 T — 

C 0.2 
o 
r 

Elapsed Time (sec) 



E-0W-3S 72-Hour Test and Recovery 
17.6 -r- — 

4/16/10 7:12 4/16/10 21:36 4/17/1012:00 4/18/10 2:24 4/18/1016:48 4/19/10 7:12 4/19/10 21:36 4/20/1012:00 

Date and Time 



E-0W-3S 72-Hour Test and Recovery 

i »  B B ,  

• E-0W-3S 

• Bucket Rate (gpm) 

50000 100000 150000 200000 

Elapsed Time (sec) 

250000 300000 350000 



E-0W-3S 72-Hour Test and Recovery 
0.04 -r 

-0.12 
Elapsed ime (sec) 



APPENDIX E 

RADIUS OF INFLUENCE DATA PLOTS 



MW-1S 72-hr Test and Recovery 
14.55 

• Depth to Water 

4/16/10 0:00 4/16/1014:24 4/17/10 4:48 4/17/1019:12 4/18/10 9:36 4/19/10 0:00 4/19/10 14:24 4/20/10 4:48 

Date and Time 



14.3000 

MW-1S 72-hr Test and Recovery 

o u 

14.2500 

14.2000 

cu •*-» n» 
5 
O 4-» 
~ 14.1500 
ai Q 

T> s 
tJ 0) pump on 

• Depth to Water 
pump off 

14.1000 

14.0500 

14.0000 

4/16/10 0:00 4/16/1014:24 4/17/10 4:48 4/17/10 19:12 4/18/10 9:36 4/19/10 0:00 4/19/10 14:24 4/20/10 4:48 

Date and Time 



17.65 

MW-5S 72-hr Test and Recovery 

17.6 

17.55 

17.5 

17.45 

17.4 

17.35 

17.3 

17.25 

17.2 

17.15 

• Depth to Water 

17.1 

4/16/10 0:00 4/16/10 14:24 4/17/10 4:48 4/17/10 19:12 4/18/10 9:36 4/19/10 0:00 4/19/10 14:24 4/20/10 4:48 

Date and Time 



• Depth to Water 

o> 
4-» 
TO 

5 
o 

CL 
11) 
Q 
T3 

CD 
t: 
0) 
L. 
1-o u 

17.2500 

17.2000 

17.1500 

17.1000 

17.3000 

17.3500 

MW-5S 72-hr Test and Recovery 

17.0500 

4/16/10 0:00 4/16/1014:24 4/17/10 4:48 4/17/10 19:12 4/18/10 9:36 4/19/10 0:00 4/19/10 14:24 4/20/10 4:48 

Date and Time 



19.5 

MW-8S 72-hr Test and Recovery 

19.45 

19.35 

• Depth to Water 

4/16/10 0:00 4/16/10 14:24 4/17/10 4:48 4/17/10 19:12 4/18/10 9:36 4/19/10 0:00 4/19/1014:24 4/20/10 4:48 

Date and Time 



MW-8S 72-hr Test and Recovery 
19.2000 — __ 

18.9000 
4/16/10 0:00 4/16/1014:24 4/17/10 4:48 4/17/10 19:12 4/18/10 9:36 4/19/10 0:00 4/19/10 14:24 4/20/10 4:48 

Date and Time 

• Depth to Water 



APPENDIX F 

STEP-DRAWDOWN TEST ANALYSIS 



Kh (cm/sec) 4.00E-03 

Initial Sat. Thickness (ft) 35 

Pumping Rate (gpm) 

Sy 

time (hours) 

Kv/Kh 

Kv (cm/sec) 

8.5 

0.2 fine-sand average (Fetter, 1994) 

5 

0.1 e.g., Walton, 1996 

4.00E-04 



Theis solution for drawdown 
(Well function with Kv/Kh) E-MW-2S 

observation points Obs Well Well 
Transmissivlt 

Pump rate y Storativity time distance 

App 6B 
Fetter 
(1994) drawdown 

x(l) y(l) x y Q (ft3/day) T (ft2/day) s t (days) r(D UB 1/UB X W(UB, X) (ft) 
4 0 E-OW-1S 0 0 1636.2 396.7 0.2 0.208 4 0.01 1.0E+02 0.001 5.83 1.91 

110 0 E-OW-2S 110 7.319 1.4E-01 0.988 0.35 0.11 



APPENDIX G 

E-MW2S AQTESOLV PLOTS 



1 .  10. 100. 1000. 1.0E+4 1.0E+5 1.0E+6 

Time, t/t' 

72 HOUR PUMPING TEST AND RECOVERY ANALYSIS 

Data Set: C:\...\Theis Resid DP E-MW-2S.aqt 

Company: TRC 
Client: FAA 
Project: 162662 
Location: Area E 
Test Well: E-MW-2S 
Test Date: April 16, 2010 

Date: 05/06/10 Time: 09:41:55 

PROJECT INFORMATION 

AQUIFER DATA 

Saturated Thickness: 35. ft Anisotropy Ratio (Kz/Kr): 02 

WELL DATA 

Pumping Wells Observation Wells 
Well Name X (ft) Y (ft) Well Name X (ft) Y (ft) 
E-MW-2S Pumping Well Well 0 0 • E-MW-2S 0 0 

SOLUTION 

Aquifer Model: Confined 

T = 8.533 cm^/sec 

Solution Method: Theis (Recovery) 

S/S' = 4.192 



20. 

16. 

12. 

> 
o o 
& 8. 

0. 

I  I  I  I  1 1 I I  I  I  I I  I I I  1  1  1  1  M i l  1  1  1  1  I I 1  1  I I  1  1  I I I  

-

-

-

-

-

" 

i  i  i  i  i i i r  

n  0 ° ^  

T i l l  M i l l  I  I  1  I  I  I I I  -  1  I I  1  1  I I I  1  1  1  1  M i l  1 l I l i in 

0.1 1. 10. 100. 1000. 1.0E+4 1.0E+5 

Agarwal Equivalent Time (sec) 

72 HOUR PUMPING TEST AND RECOVERY ANALYSIS 

Data Set: C:\-\Cooper Agarwal Recovery E-MW-2S.aqt 
Date: 05/06/10 Time; 09:39:48 

PROJECT INFORMATION 

Company: TRC 
Client: FAA 
Project: 162662 
Location: Area E 
Test Well: E-MW-2S 
Test Date: April 16, 2010 

AQUIFER DATA 

Saturated Thickness: 35. ft Anisotropy Ratio (Kz/Kr): 02 

WELL DATA 

SOLUTION 

Aquifer Model: Unconfined 

T = 9.427 cm^/sec 

Solution Method: Cooper-Jacob 

S = 1.195E-36 

LWell Name X (ft) Y (ft) Well Name X (ft) Y (ft) 
E-MW-2S Pumping Well 0 0 ° E-MW-2S 0 0 



10. 100. 1000. 1.0E+41.0E+51.0E+6 

Adjusted Time (sec) 

72 HOUR PUMPING TEST AND RECOVERY ANALYSIS 

Data Set: C:\...\Cooper First Cut E-MW-2S.aqt 
Date: 05/06/10 Time- 09-4(V?4 

Company: TRC 
Client: FAA 
Project: 162662 
Location: Area E 
Test Well: E-MW-2S 
Test Date: April 16, 2010 

PROJECT INFORMATION 

Saturated Thickness: 35. ft 

AQUIFER DATA 

Anisotropy Ratio (Kz/Kr): 0.2 

Pumping Wells 

WELL DATA 

Observation Wells 
Well Name X (ft) Y (ft) Well Name X (ft) V (ft) 
E-MW-2S Pumping Well 0 0 ° E-MW-2S 0 0 

Aquifer Model: Unconfined 

T = T4 cm^/sec 

SOLUTION 

Solution Method: Cooper-Jacob 

S = 0.1844 



0.01 I  I  I  I  I  I I I !  I  I  i  i  i  m l  I  I  M  I I I  

0.1 1. 10. 100. 1000. 1.0E+41.0E+51.0E+6 

Time (sec) 

72 HOUR PUMPING TEST AND RECOVERY ANALYSIS 

Data Set: C:\FAA\Area E\Pumping Test Data\Mondav 930\Aatesolv\EMW-2S\Moenr.h F-MW-9S ant 
Date: 05/06/10 - ~ -- — Time: 09:41:08 

PROJECT INFORMATION 

Company: TRC 
Client: FAA 
Project: 162662 
Location: Area E 
Test Well: E-MW-2S 
Test Date: April 16, 2010 

Saturated Thickness: 35. ft 

AQUIFER DATA 

Anisotropy Ratio (Kz/Kr): 02 

WELL DATA 

Pumping Wells 
Well Name X (ft) V (ft) 
E-MW-2S Pumping Well 0 0 

Observation Wells 
Well Name X (ft) V (ft) 
° E-MW-2S 0 0 

Aquifer Model: Unconfined 

T = 1.557 crrfVsec 
Sy = 0.2447 
Sw =0. 
r(c) = 0.1667 ft 

SOLUTION 

Solution Method: Moench 

5 = 0,2745 
6 = 2.296E-5 

r(w) = 0,375 ft 

alpha = 1.0E+30 sec"1 



APPENDIX H 

E-0W1S AQTESOLV PLOTS 



3. 

0.598 

-0.002 
1.  10. 100. 1000. 1.0E+4 1.0E+5 1.0E+6 

Time, t/t' 

72 HOUR PUMPING TEST AND RECOVERY ANALYSIS 

Time: 09:38:59 
Data Set: C:\...\Theis Resid DP E-OW-1S.aqt 
Date: 05/06/10 

PROJECT INFORMATION 

Company: TRC 
Client: FAA 
Project: 162662 
Location: Area E 
Test Well: E-MW-2S 
Test Date: April 16, 2010 

Saturated Thickness: 35. ft 

AQUIFER DATA 

Anisotropy Ratio (Kz/Kr): 02 

WELL DATA 

Pumping Wells 
Well Name X (ft) Y (ft) 
E-MW-2S Pumping Well 0 0 

Observation Wells 
Well Name X (ft) Y (ft) 
° E-OW-1S 4.33 0 

SOLUTION 

Aquifer Model: Confined Solution Method: Theis (Recovery) 

T = 3J3 cm2/sec S/S' = 1. 



0.598 

-0.002 
1. 10. 100. 1000. 1.0E+4 1.0E+5 

Agarwal Equivalent Time (sec) 

72 HOUR PUMPING TEST AND RECOVERY ANALYSIS 

Data Set: C:\...\Cooper Agarwal Recovery E-OW-1S.aqt 
Date: 05/06/10 Time: 09:35:05 

Company: TRC 
Client: FAA 
Project: 162662 
Location: Area E 
Test Well: E-MW-2S 
Test Date: April 16, 2010 

PROJECT INFORMATION 

Saturated Thickness: 35. ft 

AQUIFER DATA 

Anisotropy Ratio (Kz/Kr): 02 

Aquifer Model: Unconfined 

T = 4.055 cm^/sec 

WELL DATA 

Well Name X (ft) V (ft) 
E-MW-2S Pumping Well 0 0 

Observation Wells 
Well Name X (ft) V (ft) 
o E-OW-1S 4.33 0 

SOLUTION 

Solution Method: Cooper-Jacob 

S = 0.1042 
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AQUIFER DATA 

Saturated Thickness: 35. ft Anisotropy Ratio (Kz/Kr): 0.2 

Data Set: C:\...\Cooper First Cut E-OW-1S aqt 
Date: 05/06/10 

Company: TRC 
Client: FAA 
Project: 162662 
Location: Area E 
Test Well: E-MW-2S 
Test Date: April 16, 2010 

PROJECT INFORMATION 

Time: 09:37:02 

WELL DATA 

SOLUTION 

Aquifer Model: Unconfined 

T = 3.729 cm^/sec 
Solution Method: Cooper-Jacob 

S = 0.1479 

Pumping Wells 
Well Name X (ft) 
E-MW-2S Pumping Well 0 

Observation Wells 
Well Name X (ft) V (ft) 
o E-OW-1S 4.33 0 
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A PROJECT INFORMATION 

Company: TRC 
Client: FAA 
Project: 162662 
Location: Area E 
Test Well: E-MW-2S 
Test Date: April 16, 2010 

1 .OE-4 
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Time (sec) 

72 HOUR PUMPING TEST AND RECOVERY ANALYSIS 

DataSet: C:\FAA\Area E\Pumping Test Data\Monday 930\Agtesolv\E-QW-1S\Neuman E-OW-1S.aat 
Date: 05/06/10 Time: 09:38:02 

AQUIFER DATA 

Saturated Thickness: 35. ft 

WELL DATA 

Weil Name 
Pumping Wells 

E-MW-2S Pumping Well 
YiftL 

Observation Wells 
Well Name X (ft) Y (ft) 
° E-OW-1S 4.33 0 

SOLUTION 

Aquifer Model: Unconfined 

T = 4.302 cm^/sec 
Sy = 0,3552 

Solution Method: Neuman 

S = 0.03733 
8 =0.003061 




